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/- 1.0 IN’lXODUCTION 

This Project Management Plan has been prepared by Baker Environmental, Inc. (Baker) for the 

Atlantic Division (LANTDIV) as Naval Facilities Engineering Command Contract T,ask Order 

(CTO) 0223 under the LANTDIV Comprehensive Long-Term Environmental Action Navy Program 

(Navy CLEAN), Contract Number N62470-89-D-48 14. 

In November, 1984, Congress passed the Hazardous and Solid Waste Amendments (HSWA) to the 

1976 Resource Conservation and Recovery Act (RCRA). One provision of these amendments 

specifically addresses corrective action for continuing releases from hazardous waste treatment, 

storage or disposal facilities. Under this provision, any facility applying for a RCRA Part B permit 

will be subject to an assessment by the regulatory agency when the application is submitted. If any 

solid waste management unit (SWMU) or area of concern (AOC) is suspected to be the source of a 

contaminant release to the environment, the owner or operator of the facility may be required to 

perform a RCRA Facility Investigation (RFI) to define the nature and extent of the release. This 

information will be used to determine the need for corrective measures and to aid in their formulation 

and implementation (USEPA, 1986). 

A Final RCRA Part B permit has been issued by USEPA Region II to Naval Station Roosevelt Roads 

(NSRR). This permit contains requirements for RF1 activities at 24 SWMUs and 3 AOCs. These 

SWMUs and AOCs are presented in Table l-l. RF1 activities at these SWMUs/AOCs will include 

soil, groundwater, and surface water/sediment investigations as appropriate and as directed by the 

permit. 

This Project Management Plan provides the technical approach and scope of the RF1 for NSRR, the 

overall schedule of the identified tasks, and the project management team to be utilized in 

accomplishing the objectives of the RFI. 

This Project Management Plan is one of five project plans associated with the RFI. Other RF1 

project plans include: 

0 Data Collection Quality Assurance Plan (DCQAP) 

a Data Management Plan (DMP) 

l-l 



0 Health and Safety Plan (HASP) 

0 Community Relations Plan (CRP) 

The DCQAP contains the specific Scope of Work for RF1 activities at each SWMU/AOC. The DMP 

describes reporting and documentation procedures for field measurement and analytical results. The 

HASP documents the health and safety protocols for the RF1 activities. The CRP included in this 

package is an addendum to the existing NSRR CRP. 

It is the intent that the Project Management Plan serves to document the overall management 

approach to the RFI. The Project Management Plan is comprised of the following sections: 

1.0 Introduction 

2.0 Technical Approach 

3.0 Description of Current Conditions 

4.0 Schedule 

5.0 Project Management and Staffing 
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2.0 TECHNICAL APPROACH 

2.1 RF1 Activitv 

Investigation requirements (full RFI, first phase RFI, contingent, or no action by media) for each 

SWMU/AOC are presented in Table l-l. SWMU/AOC descriptions and summaries of previous 

investigations are included in Section 3.0 (Description of Current Conditions). The RFI Scope of 

Work is presented in detail in the DCQAP. The RF1 schedule (Section 4.0) follows the previously 

prepared NSRR Site Management Plan (included as Attachment A to this Project Management Plan). 

There are a number of SWMUs and three AOCs at NSRR at which first phase RFIs have been 

designated due to the limited information presently available regarding possible releases at these 

sites. The purpose of the frost phase RF1 is to assess whether there have been releases from areas 

which, based on available information, may have been used routinely, systematically, or de:liberately 

in the management of wastes. The first phase RF1 differs from a full RF1 in the extent and degree 

of investigations required. First phase RFIs are limited to sampling and analysis of certain 

environmental media. Pending the results of the fast phase RFI, a full RF1 may be requi.red. 

RF1 activities at SWMU 19 @U.ing 121-Discarded Pesticide Storage Area) are contingent on the 

results from closure under an approved RCRA closure plan. Pending results of these: ongoing 

actions, a full RF1 may be required. If releases at these SWMUs/AOC are verified, reporting 

guidelines listed in Appendix C of the permit will be followed and appropriate Corrective ‘Measures 

Study (CMS) activities will be initiated. 

Interim Corrective Measures are completed at SWMUs 1 l/45 (IR Site 16) and SWMU 10 

(IR Site 15). Results of the remediation efforts (e.g., confirmatory sample results) have been 

provided. 

2.2 Investigation Media 

Soil, groundwater, and surface water/sediment investigations will be conducted at various SWMUs. 

Table l-l lists the media subject to investigation at each SWMU. The general rationale for and 

approach to the RFIs at NSRR are described in the subsections below. Specific sampling rationale 
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for each SWMU/AOC is presented in Section 4.0 (Data Collection Strategy and Requirements) of 

the DCQAP. 

2.2.1 Soil Investigations 

Soil investigations will be conducted to assess whether releases of hazardous waste or hazardous 

constituents have occurred and, if so, to identify the source and extent of contaminants in the soil at 

the SWhJTMAOC. The potential for migration of contaminants in the soil or to other media 

(groundwater, surface water/sediment) will be evaluated. The investigations will involve collection 

of surface and subsurface soil samples and submission of the samples for laboratory analysis. 

Analytical parameters will be dependent on the operational history of each SWMU/AOC and other 

available information which may provide evidence regarding potential contaminants. 

2.2.2 Groundwater Investigations 

Groundwater investigations will be conducted as required to assess whether releases of hazardous 

waste or hazardous constituents to groundwater have occurred and, if so, to identify the source and 

extent of contaminants in the groundwater. These investigations will involve collection of 

groundwater samples from existing or newly-installed monitoring wells or Hydropunchesl”. 

Analytical parameters will be dependent on the operational history of each SWh4U/AOC and other 

available information which may provide evidence regarding potential contaminants. 

2.2.3 Surface Water/Sediment Investigations 

Surface water/sediment investigations will be conducted to assess whether releases of hazardous 

water or hazardous constituents to surface water/sediments have occurred and, if so, to identify the 

source and extent of contaminants in the surface water/sediment at the SWMUs and AOC. The 

investigation will include collection of surface water and sediment samples. Analytical parameters 

will be dependent on the operational history of each SWMU/AOC and other available information 

which may provide evidence regarding potential contaminants. 
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3.0 DESCRIPTION OF CURRENT CONDITIONS 

This section contains information regarding facility background, previous investigations, and the 

nature and extent of contamination of SWMWAOC. This information was originally sulbmitted in 

the Pre-Investigation Corrective Measures Screening Evaluation Report (Baker, 1994). It is included 

in the Project Management Plan in order to fulfill the requirements listed in the Draft Corrective 

Action Permit, Section III, of Appendix A. 

3.1 Facilitv Backmound 

This facility background section includes a description of the NSRR facility, a summary of the 

general physical setting, and descriptions of the individual SWMWAOC included in this RFI. 

3.1.1 Description of the Facility 

NSRR occupies part of the northern side of the east coast of Puerto Rico, along Vieques Passage with 

Vieques Tsland lying to the east about 10 miles off the harbor entrance. Figure 3-1 is a facility map 

depicting SWMWAOC locations. The north entrance to NSRR is about 35 miles east along the coast 

road (Route 3) from San Juan. The closest large town is Fajardo (population about 37,000), which 

is about 10 miles north of NSRR off Route 3. Ceiba (population about 17,000) adjoins the west 

boundary of NSRR. 

The NSRR occupies over 33,500 acres, with some of the holdings being prepared for release to the 

Commonwealth of Puerto Rico. NSRR has administrative and command responsibilities for some 

operations separated from the main base on Vieques Island. 

NSRR was commissioned in 1943 as a Naval Operating Base, and finally redesignated a naval station 

in 1957. The primary mission of NSRR today is provision of full support for Atlantic Fleet weapons 

training and development activities. 
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3.1.2 Physical Setting 

The physical setting of NSRR was documented in the 1984 IAS (NEESA Document 13-05 1). This 

information is s ummarized below. 

3.1.2.1 Climatolorrv 

The climate of the Roosevelt Roads area is characterized as warm and humid, with frequent showers 

occurring throughout the year. A major factor affecting the weather is the pattern of trade winds 

associated with the Bermuda High, the center of which is in the vicinity of 30” North, 30” West. 

The prevailing wind direction reflects the easterly trade winds. The area receives a &ace flow 

varying between the northeast to the southeast ,about 75 percent of the year, and as much as 

95 percent of the time in July when the easterly winds are strongest. The differential heating of the 

land and sea during the day tends to give a more northerly component to the flow on the northern 

side of the island and a more southerly component on the southern side. During the night, a land 

breeze causes a prevailing southeasterly flow in the north and a prevailing northeasterly flow over 

the southern coast. The mean annual wind velocity is 5.5 knots, with a minimum in November and 

a maximum in August. Gales associated with westward moving disturbances in the trade winds or 

hurricanes passing either north or south of the area have the highest probability of occurrence from 

June through October. 

Uniform temperatures prevail, with small diurnal ranges as a result of insular exposure and the 

relatively small land areas. The warmest months are August and September, while the coolest are 

January and February. Mean annual maximum temperatures range from 82.0” in January to 88.2”F 

in August. The mean annual minimum temperatures vary from 64.0” in January to 73.2” in June. 

The highest maximum temperature recorded was 95 “F, while the lowest minimum was 59°F. Rain 

usually occurs at least nine days in every month, with an average of 60 inches per year. A dry winter 

season occurs from December through April. About 22 thunderstorm-days occur per year, with 

maximum frequencies of three days per month from May through October. 

In late summer, the mean sky cover begins a steady decrease from a monthly maximum average of 

6.5-tenths coverage in September to a minimum monthly average of 4.4-tenths coverage in February. 

From March through August, the monthly average clouds over increases steadily from 4.5- to 
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,,--. 6.0-tenths coverage during the period. Over the open sea, a maximum of clouds (usually broken 

stratocumulus) occurs during early morning, with the skies clearing or becoming scattered with 

cumulus by afternoon. Completely clear or overcast skies are rare during daylight hours, while clear 

skies frequently occur at night. 

The hurricane season is from mid-June through mid-September; maximum winds exceed 95 knots 

during severe hurricanes. An average of two tropical storms per year occur in the study area, one 

of which usually reaches hurricane intensity. 

3.1.2.2 Touoaranhv 

The regional area of Roosevelt Roads consists of an interrupted, narrow coastal plain with small 

valleys extending from the Sierra de Luquillo range, which has been severely eroded by streams into 

valleys several hundreds of feet deep. Slopes of up to 60” are common. 

In the immediate area of the station, elevations range from sea level to approximately 295 feet. 

Immediately to the north of the NSRR boundary, the hills rise abruptly to heights of 800 to ‘1,050 feet 

above sea level, with the tallest peak located within two kilometers of the station boundary. There 

is a series of three hilly areas on the station, two of which separate the southern airfield area from 

the Port/Industrial, Housing and Personnel Support areas. The third set of hills is in the Bundy area. 

These ridge lines not only separate sections of the station, but dictate the degree of allowable 

development. The ridge line south of the airfield provides an excellent barrier which effectively 

decreases the aircraft-generated noise which reaches the Unaccompanied Enlisted Personnel Housing 

areas to an acceptable level. Relief is low along the shoreline. Lagoons and mangrove swamps are 

common. 

3.1.2.3 Geology 

The underlying geology of the station area is predominantly volcanic (composed of lava and tuff), 

as well as sedimentary (rocks derived from discontinuous beds of limestone). These rocks all range 

in age from early Cretaceous to middle Eocene. The volcanic rocks and interbedded liestones have 

been complexly faulted, folded, metamorphosed and variously intruded by dioritic roclks. This 

complex geological structuring occurred sometime after the deposition of the limestone during the 
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middle Tertiary, when Puerto Rico was separated from the other major Antillean Islands by block 

faulting, and was arched, uplifted and tilted to the northeast. Culebra, Vieques, and the Virgin 

Islands are part of the Puerto Rican block; they are separated from the main island simply because 

__ 

of the drowning that resulted from the tilting. 

In addition to the predominant volcanic and sedimentary rock, the northwestern and western sectors 

of the base are underlain by unconsolidated alluvial and older deposits from the Quatemary period. 

The primary geologic formations on and near NSRR are various beach deposits, alluvium, quartz 

diorite and granodiorite, quartz keratophyre, the Daguao Formation, and the Figuera Lava The 

station is traversed by the Pefia Pobre fault zone. 

3.1.2.4 soils 

The soil associations found at the station are predominantly of two types typical of humid areas, 

namely the Swamps-Marshes Association and the Mabi-Rio-Arriba-Cayagua Association, as well 

as the Descalabrado-Guayama Association, which is typical of dry areas. In addition, isolated areas 

of the Caguabo-Mucara-Naranjito Association, the Coloso-Toa-Bajura Association, and the Jacana- 

Amelia-Fraternidad Association are found at the station. 

- 

The Swamps-Marshes and Mabi-Rio-Arriba-Cayagua associations cover over one half of station’s 

surface area and are equally distributed. The remaining area is covered primarily by the 

Descalabrado-Guayama and Caguabo-Mucara-Naranjito associations. 

The Swamps-Marshes Association consists of deep, very poorly drained soils. This association is 

found in level or nearly level areas that are slightly above sea level but are wet, and when the tide 

is high, are covered or affected by saltwater or brackish water. The soils are sandy or clayey, and 

contain organic materials from decaying mangrove trees. They are underlain by coral, shells and 

marl at varying depths. The high concentration of salt inhibits the growth of all vegetation except 

mangrove trees, and in small scattered patches, other salt-tolerant plants. 
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The Mabi-Rio-Arriba-Cayagua Association consists generally of deep, somewhat poorly drained and 

moderately well-drained, nearly level to moderately steep soils found on foot and side slopes, 

terraces and alluvial fans. Soils of this association at the station are basically clayey. 

The Descalabrado-Guayama Association generally consists of shallow, well-drained,, strongly 

sloping to very steep soils on volcanic uplands. Soils of this association are found primarily in the 

hilly areas located directly inland and adjacent to the soils of the Swamps-Marshes Association. 

The Caguabo-Mucara-Naranjito Association consists generally of shallow and moderately deep, 

well-drained, sloping to very steep soils on volcanic uplands. This association consists of soils 

which formed in residual material that weathered from volcanic rocks. This association is 

represented at the station by soils of the Sabana series, which are found on the side slopes and the 

hilly terrain west of Langley Drive in the Fort Bundy area. These soils are suited for pasture and 

woodland. Steep slopes, susceptibility to erosion and depth to bedrock are the main limitations for 

farming, and for recreation and urban areas. 

The Coloso-Toa-Bajura Association consists of deep, moderately well drained to poorly drained, 

nearly level soils found on floodplains. This soil association extends along the western boundary 

of the station and around the airfield. The soils of this association formed in tie-textured and 

moderately fine-textured sediment of mixed origin on floodplains. The Coloso soils are deep and 

somewhat poorly drained; the Toa soils are deep and moderately well drained; and the Bajura soils 

and Maunabo soils are deep and poorly drained. The Reilly soils, also part of this association, are 

shallow sand and gravel and are excessively drained; they lie adjacent to streams. The minor soils 

are Talante, Vivi, Fortuna, Vega Alta and Vega Baja. The Talante, Vivi, Fortuna and Vega Baja 

soils are found on floodplains, while the Vega Alta soils occupy slightly higher positions on terraces. 

The Jacana-Amelia-Fraternidad Association consists generally of moderately deep and deep, well- 

drained and moderately well-drained, nearly level to strongly sloping soils on terraces, alluvial fans 

and foot slopes. This association is represented at the station by soils of the Jacana series, which 

consist of moderately deep, well-drained soils found on the foot slopes and low rolling hills along 

Langley Drive and just east of the airfield. These soils formed in fine-textured sediment and 

residuum derived from basic volcanic rocks. 
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3.1.2.5 Hvdrologv 

The surface waters that flow across the northeastern plain of Puerto Rico, where the Station is 

located, originate on the eastern slopes of the Sierra de Luquillo mountains. Surface runoff is 

channeled into various rivers and streams which eventually flow into the Caribbean Sea. The 

Daguao River and Quebrada Seca Stream (a tributary to Rio Daguao) collect surface waters from the 

hills immediately north of the station, and in periods of heavy rain, on-station flooding occurs. The 

Daguao-Quebrada Seca watershed comprises an area of approximately 7.6 square miles (4,900 

acres), and the river falls some 700 feet from its source to sea level. Increased development in the 

Town of Ceiba, especially in areas adjacent to the station’s northern boundary, has significantly 

increased the surface runoff reaching the station, causing ponding and erosion in the Boxer Drive 

area. Boxer Drive, for a major portion of its length, is subject to surface water flooding, as are 

Hangar 200 and ATMD Hangar 379 and adjacent apron areas. 

In the low-lying shore areas, seawater flooding results corn storms, wind and abnormally high tides. 

The tidal ranges in the Roosevelt Roads area are rather small, with a maximum spring range of less 

than three feet. The tides are semidiurnal and have a usual range of about one foot in the main 

harbor of the station. 

Little information exists concerning the geohydrology of NSRR. The only known potential sources 

of groundwater lie in lenticular beds of clay, sand and gravel, and rock fragments which occur at a 

depth of less than 30 meters. No wells have been developed on-base from these layers. Some wells 

had been developed upgradient of the station in Ceiba, some three kilometers from base headquarters, 

but were abandoned due to high levels of salinity. Table 3-l is a summary of field parameters (pH, 

specific conductivity and temperature) measured in NSRR monitoring wells during the Supplemental 

Investigation (Baker, 1993). 

The quality of surface waters is variable, reflecting the drainage area through which the water flows. 

Generally, surface waters have high turbidities and bio-organics (naturally occurring organics, such 

as decay products of vegetable and animal matter) due to the periodic heavy rams which can easily 

erode soils from steep slopes, exposed areas and disturbed stream beds. 
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Water from alluvial aquifers along the coast of the station is of a calcium bicarbonate type, and has 

high concentrations of iron and manganese. The source of these minerals is unknown, but they may 

be derived from buried swamp or lagoon deposits. 

A seawater-freshwater interface is present in the aquifers throughout the coastal areas of Puerto Rico, 

usually within a short distance inland of the coastline. 

The station water treatment plant receives its raw water from the Rio Blanco through a 27 inch 

reinforced concrete pipe that replaced the old, open channel. The intake is located at the foot of the 

El Yunque rain forest. This buried raw water line traverses a distance of 14 miles from ,the intake 

to the station boundary. A raw water reservoir is located at the water treatment plant and has a 

45million gallon capacity. Additionally, there are two fire protection storage reservoirs with a total 

capacity of 520,000 gallons. 

The base has been served for over 30 years by the present treatment facility. The plant (Building 88) 

has a capacity of 4.0 million gallons per day (mgd). Water flows by gravity into a 45 million gallon 

raw water storage basin from which the plant draws its supply at a rate of 1.3 mgd on average. 

Treatment consists of pre-chlorination, coagulation sedimentation, filtration and post-chlorination. 

The single potable water supply system provides water to all industrial operations at the facility. The 

water supply is low in hardness, and, therefore, is an excellent source for industrial uses, particularly 

in boiler operation and maintenance. 

Three hundred acres are used for pasture near Gate 1, and are irrigated as needed. Extensive 

sprinkling of lawns and green areas is evident throughout the base. 

3.1.3 Summary of Previously Conducted Environmental Investigations 

A number of environmental investigations have been conducted at NSRR. The results of these 

investigations provide information regarding the nature and extent of contamination at selected 

SWlvlUs/AOC. These investigations include: 

0 Initial Assessment Study 
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0 Confirmation Study 

0 RCRA Facility Assessment (RFA) 

0 IWFS at Site 15 (SWMU 10) 

0 RIM at Site 16 (SWMUs 11 and 45) 

‘0 Supplemental Investigation 

0 Summary and Technical Evaluation Review of Work Performed at SWMUs/AOC 

(RFA Reinspection) 

Each of these investigations is discussed below. 

3.1.3.1 Initial Assessment Study (IAS) 

As part of a Navy-wide program to manage past disposal sites through the NACIP initiated in 

September 1980, NSRR was designated for an Initial Assessment Study (IAS) of its environment 

in March 1982 by the Naval Energy and Environmental Support Activity (NEESA), Port Hueneme, 

California. 

The IAS was conducted in 1983 and 1984 by GreenleaflTelesca Planners, Engineers, Architects 

(Miami, Florida) and by Ecology and Environment (Buffalo, New York). The IAS consisted of a 

records search at various government agencies, national and regional archives, and USGS; an on site 

survey; and personnel interviews. The study identified 16 sites that warranted further study under 

the NACIP Program. 

3.1.3.2 Confirmation Study (CS) 

In May 1986, the CS was performed by Environmental Science and Engineering (ESE) of 

Gainesville, Florida. Fifteen (15) of the 16 potentially contaminated sites identified in the IAS were 

investigated as part of this study; the last site had been cleaned up prior to this study. Two rounds 

of samples were collected from these sites by ESE. The Confirmation Study Report was completed 

by April 1988 and indicated that 14 sites required additional effort under the NACIP program. The 

quality of data obtained during the CS is questionable and; therefore, no conclusions regarding 

conditions at any of the sites investigated can be drawn on the basis of this information. 
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. . 
3.1.3.3 RCRA Facrl@ Assessment (RFA) 

A RFA was conducted at NSRR in 1988 by A.T. Kearney, Inc. (Alexandria, Virginia) for the 

USEPA to identify SWMUs and AOC and assess the potential for release of hazardous wastes and 

hazardous constituents from these units to the environment. The description of SWMUs and AOC 

and the assessment of potential for release was based upon a Preliminary Review (PR) of existing 

information and a Visual Site Inspection (WI) of the facility. The primary source of existing 

information was the Region II offrce of the Environmental Protection Agency in New York City, 

New York. The VSI was conducted August 15 through 22,1988. 

Roosevelt Roads covers an area greater than 33,500 acres and provides general support for numerous 

tenant activities. Those SWMUs and AOC identified in this report were concluded to be 

representative of waste management activities at NSRR. Areas (including process areas, storage 

facilities, etc.) not observed during the VSI were situated indoors (i.e., fully enclosed) which 

prevents any possible releases to environmental pathways, and/or had no documented release to the 

environment. 

Further actions were suggested at 25 of the 47 SWMUs and 4 AOCs. Suggested further actions 

included soil sampling, groundwater investigations, surface water, and sediment sampling, 

verification of unit integrity, requests for additional information, and suggestions of better facility 

management. 

3.1.3.4 Remedial Inves@tion/Feasibility Study @I/W) at IR Site 15 (SWMU 101 

An RI/l% was conducted at IR Site 15 by Versar, Inc. (Versar) in 1992. Versar performed the RI/FS 

to develop viable remedial alternatives for known polychlorinated biphenyl-contaminated 

(PCB-contaminated) soil at IR Site 15. This RILFS was performed according to criteria in the 

National Contingency Plan (NCP) and guidelines stipulated by the U.S. Environmental Protection 

Agency (USEPA) in RILFS guidance documents. 
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3.1.3.5 RI/l% at IR Site 16 (SWMUs 11 and 451 -. 

An RI/FS was conducted at IR Site 16 by Versar in 1992. Versar performed the RI/FS to develop 

viable remedial alternatives for known PCB-contaminated soil and concrete at IR Site 16, the Old 

Power Plant., Building No. 38. This RI/l% was performed according to criteria in the NCP and 

guidelines stipulated by the USEPA in RI/l!% guidance documents. 

3.1.3.6 Sunnlemental Investigation 

Baker conducted a Supplemental Investigation of selected IR sites at NSRR in 1993. Field activities 

were conducted in late 1992. The subject sites were: 

IR Site 5 - 

IRSite 6 - 

Army Cremator Disposal Area 

Langley Drive Disposal Area 

IR Site 7 - 

IRSitelO - 

IRSite13 - 

IR Site 14 - 

IR Site 16 - 

IRSite18 - 

Station Landfill 

Building 25 Storage Area 

Tanks 210-217 

Ensenada Honda Shoreline and Mangroves 

Old Power Plant, Building 38 

Building 128, Pest Control Shop and Surrounding Area 

-.--I,.\ 

These sites correspond to the following SWMWAOC listed on the RCRA Corrective Action Permit 

for NSRR. 

IR Site 5 - 

IRSite6 - 

IR Site 7 - 

IRSitelO - 

IR Site 12 - 

IRSite13 - 

IRSite 15 - 

IR Site 16 - 

IR Site 17 - 

SwMUl 

swMU2 

swMU3 

SWMUs 31 and 32, AOC B 

SWMUs7and8 

swMu9 

SWMU 10 

SWMUs 11 and45 

SWMUs 12 and 14 
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,@- IRSite 18 - SWMU 13 

IR Site 1 (Quebrada Disposal Site) and IR Site 2 (Mangrove Disposal Site) are both located on 

Vieques Island. These sites were investigated as part of the Supplemental Investigation; however, 

the sites are regulated under CERCLA and therefore are not included in the Draft RCRA Part B 

Permit, Corrective Action Module III. Therefore, no further discussion will be included on these 

sites. 

The Supplemental Investigation included the following activities: 

0 Photo-interpretation and map analysis 

0 Geophysical investigation 

a Wellhead tests 

0 Soil sampling and analysis 

0 Groundwater sampling and analysis 

0 Surface water/sediment sampling and analysis 

0 Quantitative risk assessment 

The analytical sequences for each matrix, regardless of site, included VOC - volatile organic 

compounds of the Target Compound List (TCL); SVOC - semivolatile organic compounds of the 

TCL, P/PCB - pesticide and polychlorinated biphenyl compounds of the TCL; Target Analyte List 

(TAL) - metals and cyanide. Quality control of analyses was specified at NEESA Level D, 

equivalent to CLP procedures at EPA Level 4. 

3.1.3.7 Summarv and Technical Review of Work Performed at SW&IUs/AOC Renort 

TRC Environmental Corporation (TRC) prepared the Summary and Technical Review of Work 

Performed at SWMUs AOC Report for USEPA in 1993 to assess the investigation and/or remedial 

work done on the 51 SWMUs and AOC at NSRR. This has been referred to as the RFA 

reinspection. This included a review of all available technical documents presenting the remedial 

investigation and corrective measures conducted at the facility and a site visit (conducted June l-4, 

1993). 
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3.2 SWMUIAOC Descrintions 

A general description and history of each SWMU/AOC is presented in the following subsections. 

Available information regarding the nature and extent of contamination at the SWMU/AOC is also 

presented. Figure 3-l is a facility map depicting SWMU/AOC locations. 

3.2.1 SWMU 1 - Former Cremator Disposal Site 

According to the 1984 IAS report the Army Cremator disposal area is located south of the 

intersection of the access road to the Ammo Pier and Langley Drive, west and southwest of the Navy 

Exchange and Bowling Alley, and near the Ensenada Honda Mangrove Swamp (NEESA, 1984). 

A site map of this SWMU is presented on Figure 3-2. 

This SWMU operated from the early 1940s until the early 1960s and was the main station landfill 

during this time. Waste material was disposed of by piling, burning and compacting (A.T. Kearney, 

Inc., 1988). An estimated 100,000 tons of waste including scrap metal, inert ordnance, batteries, 

tires, appliances, cars, cables, dry cleaning solvent cans, paint cans, gas cylinders, construction 

debris, dead animals, and residential waste was disposed of at this site (NEESA, 1984). No reliable 

information exists regarding the amounts of material present in the disposal area that could be 

hazardous; however, in 1984, the LAS team estimated that as much as 1,000 tons of hazardous 

material could be present in the area (NEESA, 1984). 

--- 

In 1984, the LAS team spotted several large mounds of drums during an overflight. An on-ground 

visual inspection was attempted, but the vegetation was too dense, and the drums could not be 

located (NEESA, 1984). 

In 1988, ESE produced a Confirmation Study report that evaluated the data Tom two rounds of 

verification sampling. Five surface water, five sediment and five groundwater samples were 

collected in each round of sampling. The sediment samples contained isolated, low levels of 

pesticides, and elevated levels of antimony, selenium and methylene chloride (Technical Review 

Committee Meeting Minutes, 1989). The surface water samples revealed several metals that 

exceeded ambient water quality criteria. Groundwater samples indicated thallium, copper, arsenic, 

chromium (total and hexavalent) and selenium in levels that exceeded primary drinking water 
- 
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standards. Low levels of organic cornRounds were also detected in some of the groundwater samples 

(Technical Review Committee Meeting Minutes, 1989). The quality of the data obtained during the 

Confirmation Study is questionable and, therefore, no conclusions regarding conditions at the site 

can be drawn on the basis of this information. 

In 1988, the RCRA Facility Assessment (RFA) VSI team observed an oily, silver-toned substance 

floating at the water’s edge. Dead mangroves were observed several feet out from the water’s edge 

and extending up and down the shoreline (A.T. Kearney, Inc., 1988). According to a facility 

representative, this was due to a spill of JR-5 (aviation kerosene) in November of 1986. An area 

measuring approximately 50 feet in diameter completely devoid of vegetation was found ,within the 

boundaries of this unit (A.T. Kearney, Inc., 1984). The area affected by this spill is included in the 

IR program as Site 14. 

Geophysical surveys were conducted at this SWMU during the Supplemental Investigation (Baker, 

1993). These surveys involved: (1) EMI mapping of contrasts in subsurface material that indicated 

artificial boundaries, such as trench walls, associated with disposal practices; and, (2) MAC; mapping 

of subsurface metallic objects, usually associated with disposal. The traverses followed access lanes 

cleared by heavy equipment along orientations selected following review of photo-interpretation and 

map analysis, and according to examination of the exposed parts of the lanes as they were advanced. 

Correlation between the disposal features noted by photo-interpretation and the disposal indications 

found during land-clearing was very high. The indicated disposal features were found on the 

southwest side in the locations transferred from the aerial photographs to the maps. Similarly, areas 

indicated by photo-interpretation not to have been used for disposal appeared undisturbed except for 

top-stripping. 

The geophysical interpretation agreed with both the photo-interpretation and the visual inspection 

of the ground. The geophysical interpretation additionally provided more precise mapping of the 

disposal feature as well as the concentration of metallic objects along each traverse. 

A total of 21 soil samples and one groundwater sample were collected at this SWMU d.uring the 

Supplemental Investigation (Baker, 1993). Trace organic contaminants were detected in each media. 

The results of a risk assessment conducted as part of the Supplemental Investigation indicate that 
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there is no threat to human health or the environment associated with these media. A summary of 
r_n 

the analytical results is presented on Table 3-l. 

3.2.2 SWMU 2 - Langley Drive Disposal Site 

The Langley Disposal Site, which is located along Langley Drive approximately 2,000 feet north of 

the Navy Exchange Complex and 300 feet east of the drive towards Ensenada Honda, operated as 

a landfill from approximately 1939 to 1959 (NEESA, 1984). The Navy documents this unit as 

having been used for the disposal of both hazardous and nonhazardous wastes (A.T. Kearney, Inc., 

1988). A site map for this SWMU is presented on Figure 3-3. 

In 1984, the IAS team performed a site inspection. During the inspection, the IAS team observed 

partially buried metal and concrete objects, old fuel lines, flexible metal hoses, small containers 

containing pellets, steel cables, hardened tar, rubble, and ten to fifteen 55 gallon drums that were 

corroded. The dram contents, generally consisting of a whitish solid with a green outer crust, were 

exposed (NEESA, 1984). The IAS team estimated the volume of disposed waste to be approximately 

1,700 cubic yards, of which approximately 20,000 pounds could be hazardous material. .- 

In 1988, ESE produced a report that evaluated data from two rounds of sampling, Thirty-two soil 

samples, six sediment, six surface water and one groundwater sample were collected during the two 

rounds of sampling. Elevated levels of lead were found in some soil samples (Technical Review 

Committee Meeting Minutes, 1989). During Round 2, two soil samples were analyzed for EP 

Toxicity for lead only. The results of these analyses indicated that the soil samples did not exhibit 

sufficient levels of lead in the extract to be classified as hazardous waste. Elevated levels of total 

chromium, copper and selenium were detected in surface water samples (Technical Review 

Committee Meeting Minutes, 1989). The quality of the data obtained during the Confirmation Study 

is questionable and; therefore, no conclusions regarding conditions at the site can be drawn on the 

basis of this information. 

In 1988, a RFA was performed at this site. The VSI team observed a dump site covering an area of 

approximately 40 feet x 150 feet. Within the perimeter were lengths of thick cable, broken concrete 

blocks, ringed metal hoses, and six severely corroded drums. At least one of the drums was filled 

with a white, damp chalky substance (A.T. Kearney, Inc., 1988). 
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A total of 16 soil samples and one groundwater sample were collected at this SWMU (during the 

Supplemental Investigation (Baker, 1993). Organic contaminants were detected in each media. The 

results of a risk assessment conducted as part of the Supplemental Investigation indicate that there 

is no threat to human health or the environment associated with these media. A summary of the 

analytical results is presented on Table 3-2. 

Dense vegetation prevented a detailed inspection during the 1993 RFA reinspection (TKC, 1993). 

3.2.3 SWMU 3 - Base Landfil 

The Base Landfill (IR Site 7) is located south of the Industrial Area Wastewater Plant 

(Building 1758) and has operated since the early 1960s. The landfill is still operating and accepting 

wastes in accordance with the Puerto Rico Environmental Quality Board (EQB) regulations. 

The landfill covers 85 acres, and is separated into several different disposal areas (A.T. Keamey, 

Inc., 1988). A site map of this SWMU is presented on Figure 3-4. 

Based on the limited amount of information that exists with regard to the landfill, discrete areas were 

identified in the IAS as disposal areas. Some of these “areas” are undetectable Tom the ground. 

Methods of disposal involved the excavation of a trench to the water table, filling the trench with 

waste, spreading and compacting the waste with a bulldozer, then covering the waste with soil. It 

is estimated that from 40 to 60 tons of waste per day were disposed of in the past (A.T. Kearney, 

Inc., 1988). Wastes that were disposed of at this SWMU include, residential wastes, scmp metal, 

cables, paint waste, solvents, PCBs, OTTO Fuel II, Agentine, Askarel, pesticides, lubricating oil, 

unlabeled 55-gallon drums, dead animals, inert ordnance, digested sludge, construction debris, 

asbestos, and possibly Super Tropical Bleach (STB), a probable disinfecting agent (NEESA, 1984). 

In 1988, ESE produced a report evaluating two rounds of verification sampling and analysis. Eight 

groundwater monitoring wells were installed, and samples of groundwater were collected and 

analyzed from each well. In addition, three. composite soil samples were collected from the drum 

ditch (ESE 1988). The ESE report indicates that only low levels of oil and grease were detected in 

the soil samples. The report also indicated that low levels of organic compounds, as well as metals 

concentrations exceeding drinking water criteria were detected in the groundwater samples collected 
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during both rounds of sampling (ESE 1988). The quality of the data obtained during the 

Confirmation Study is questionable and; therefore, no conclusions regarding conditions at the site 

can be drawn on the basis of this information. 

‘--- 

In 1988, an RFA was performed at this SWMU. The VSI team observed one fiberglass drum with 

a polyethylene liner, and a decaying Volkswagen Sedan (A.T. Kearney, Inc., 1988). 

Eight groundwater samples were collected from monitoring wells at this SWMIJ during the 

Supplemental Investigations (Baker, 1993). Trace concentrations of organic contaminants were 

detected. 

3.2.4 SWMU 6 - B&ding 145 

This SWMU comprises IR Site 11. The building is a bunker, approximately 60 yards long, 7 feet 

high, and 8 feet wide with three openings to the surface through the roof The openings are covered 

with dilapidated wood structures or chain link fencing. There is one entrance at ground level. A site 

map of this SWMU is presented on Figure 3-5. -* 

The 1984 IAS team reported the presence of approximately sixty 55-gallon drums, one hundred 

5-gallon pails, and a number of other small containers (NEESA, 1984). The condition of the 

containers ranged from being intact and neatly stacked to randomly placed and leaking 

(A.T. Keamey, Inc., 1988). The 1984 IAS Report stated that the drums and other containers had 

been in the building for sometime, probably since 1957. Some of the materials identified by the IAS 

team included spray paint, olive drab paint, black boot polish and some adhesives (NEESA, 1984). 

The IAS team concluded that the majority of the material (approximately 2,000 gallons) could be 

classified as hazardous (NEESA, 1984). i’ 

In 1988, the RFA Visual Site Inspection (WI) team reported that Building 145 was empty except 

for some protective clothing and some water on the floor. There were several old paint covered 

gloves and pieces of clothing, broken pallets and several empty paint cans outside [the] unit (A.T. 

Kearney, Inc., 1988). The RFA VSI team indicated that there was no evidence of a release to the 

environment. 
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r- The 1993 RFA reinspection found conditions to be similar to those of 1988 (TRC, 1993). 

3.2.5 SWMU 7 - Tow Way Fuel Farm 

SWMU 7 is the Tow Way Fuel Farm itself (Figure 3-6). Repeated episodic spills have resulted in 

groundwater and soil contamination. A free product recovery system is presently operating at the 

site. To date, this SWMU has been addressed under the UST regulations as administered by the 

Puerto Rican Environmental Quality Board (EQB). 

SWMU 7 has been included in the corrective action requirements of the NSRR RCRA permit. The 

Navy is in the process of shifting responsibility for investigations at this SWMU from their UST 

contractor to the CLEAN contractor. An addendum to these workplans, for additional RF1 

investigations at SWMU 7, which will take into account all the previous work, will be submitted 

separately. 

3.2.6 SWMU 8 - Two Way Fuel Farm Disposal Pits 

Associated with the tanks of the Tow Way Fuel Farm are reported disposal pits whelre sludges 

resulting from tank cleaning were placed. Three locations are as shown on the drawing (Fi.gure 3-6); 

other locations may also be present. 

3.2.7 SWMU 9 - Tanks 212-217 Sludge Burial Pits 

This SWMU consists of sludge burial pits associated with six fuel storage tanks. The six me1 storage 

tanks are still in place and operational. The tanks (and their associated burial pits) are located in 

three separate areas within this SWMU. These areas include: 

0 Area A - Tanks 212 and 213 

0 AreaB-Tanks214and215 

0 AreaC-Tanks216and217 
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Areas A and B (Figure 3-7) are located north of Forrestal Drive along Manila Bay Road. Area C 

(Figure 3-8) is located approximately 4,000 feet southeast of Areas A and B, north of Forrestal -. 

Drive. This SWMU comprises IR Site 13. 

The 1984 IAS report indicates that these tanks were constructed in 1948 for the storage of AVGAS 

(aviation gasoline), and that the tanks were cleaned about every five years until 1978. 

Tanks 212-214 are still in operation. Tanks 216 and 217 are still in place but no longer in service. 

This report indicates that cleaning resulted in the removal of 20 to 30 drums (800 to 1,250 gallons) 

of leaded sludge per tank (NEESA, 1984). The IAS report estimates that between 30,000 and 

50,000 gallons of leaded sludge were disposed of at these areas over a 40-year period (NEESA, 

1984). This sludge was disposed of in a series of pits 8 feet x 8 feet x 8 feet (A.T. Kearney, Inc., 

1988). These pits were located within 300 feet of the tank that was being cleaned. After the sludge 

settled in the pits, it was covered with three to four feet of soil (A.T. Kearney, Inc., 1988). 

In 1988, ESE performed two rounds of verification sampling at this SWMU. Six sediment samples 

were collected during each round of sampling (Technical Review Committee Meeting Minutes, 

1989). According to ESE, oil and grease were detected in each round, but levels were not significant 

(ranging between 7.79 mgkg and 400 mgkg in Round One to 4.67 mgkg and 189 mgkg in Round 

Two), when shipping activities in the area were considered. Lead was also detected in both rounds, 

but not in significant levels (Technical Review Committee Meeting Minutes, 1989). Low levels of 

volatile organic compounds were detected in Round 2, but not in Round 1. Twelve surface water 

samples were also collected. Two of the six Round 1 samples indicated low levels of oil and grease. 

Oil and grease were not detected in any Round 2 surface water samples. Low levels of lead were 

detected in all Round 2 surface water samples. Eleven wells were sampled during each round 

(Technical Review Committee Meeting Minutes, 1989). During Round 1, four wells contained 

significant levels of fuel-derived organic constituents. During Round 2, only two of the four wells 

continued to show significant fuel-derived organic constituents. The quality of the data obtained 

during the Confiiation Study is questionable and; therefore, no conclusions regarding conditions 

at the site can be drawn on the basis of this information. 
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The 1988 RFA report indicates a start date of 1940 instead of 1948 as noted in the 1984 MS report. 

The VSI team was unable to locate the buried pits during their inspection and the pits remained 

unlocateable in 1993. 

In August 1995, a long-term employee at the Base was contacted. He led NSRR environmental to 

the locations of three disposal pits. The pit locations are shown on Figure 3-6 and 3-7. Additional 

pit locations may be present. 

3.2.8 SWMU 10 - Substation Z/Building 90 

This SWMU comprises IR Site 15, where electrical transformers were formerly repaired, resulting 

in PCB-containing transformer oils being poured on the ground (Figure 3-9). The soils at this 

SWMU are being investigated and remediated under the IRP. 

The RI determined that sediment and soil surrounding the immediate area of Substation :No. 2 and 

the transformer pads is contaminated with PCBs at concentrations exceeding ARARs. The depth of 

contamination is at least 1 foot; however, the presence of coral at a depth of 1 foot prevented deeper 

sampling. This RI/I% focused on the soil/sediment operable unit. An estimated 235 cubic yards of 

soil/sediment were reported to require remediation. 

The FS for Site 15 identified three remedial alternatives that survived screening for all nine CERCLA 

criteria for evaluating and selecting remedial alternatives: overall protection of human hlealth and 

the environment; compliance with applicable or relevant and appropriate requirements (ARARs); 

long-term effectiveness and permanence; short-term effectiveness; reduction of mobility, toxicity, 

and volume; implementability; cost; local government acceptance; and community acceptance. 

Those alternatives that survived screening are: Alternative A - soil excavation, shipment, and off-site 

incineration; Alternative B - soil excavation, shipment, and off-site landfill, and Alternative C - soil 

excavation and on site incineration. 

Other alternatives were eliminated from consideration for the following reasons: technology not 

proven at or near full scale; technology not feasible; technology not applicable, not demonstrated, 

or not commercially available for testing or destroying PCB solid waste; or technology potentially 

applicable, but requires a successful laboratory or pilot field tests to demonstrate viability. 
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The remedial technology Versar recommended for Site 15 was Alternative B - soil excavation, 

shipment, and off-site landfill. Remediation of SWMU 10, using Alternative B, was initiated in 

December 1993 and completed in December 1994. A total of 4,169 tons of contaminated soil was 

Y--- 

removed. The project close-out report for this work has been submitted as appropriate. 

3.2.9 SWMU 11 - Old Power Plant/Building 38 

According to the 1984 RFA report, Building 38 was a 60-megawatt steam turbine facility that 

generated power from the early 1940s through 1949. The facility used Bunker C fuel, which was 

stored in two 50,000-gallon reinforced concrete tanks located directly northwest of the building. 

(NEESA, 1984). In 1979, Bunker C fuel was observed in manholes near Building 38 during heavy 

rainfalls. Bunker C fuel was also discharged to the Enlisted Beach through the old cooling water 

outlet for the Power Plant (NEESA, 1984). A site map of this SWMU is presented on Figure 3-10. 

In 1988, ESE collected 38 soil samples from the site (9 in Round 1 and 29 in Round 2). These 

samples were analyzed for PCBs, oil and grease, volatile organic compounds (VOC), ethylene 

dibromide (EDB), xylenes, methyl ethyl ketone (MEK), and methyl isobutyl ketone (MIBK). In 

Round 2, an EP toxicity test for lead was completed. The analytical results indicated the presence 

of PCB and lead contamination at the site. Lead concentrations were less than the EP toxicity 

standard for lead. Other constituents detected, but not at levels of concern, were MEK as vvell as oil 

and grease (Technical Review Committee Meeting Minutes, 1989). The quality of the data obtained 

during the Confirmation Study is questionable and; therefore, no conclusions regarding conditions 

at the site can be drawn on the basis of this information. 

The 1988 RFA report states that this SWMU is TSCA regulated. This was told to the VSI team by 

a facility representative. Located inside Building 38 is a cyclone fence which surrounds a curbed 

8-inch concrete pad. PCB-contaminated items (e.g., old transformers and full 55-gallon drums) are 

temporarily stored on the concrete pad inside the cyclone fence (A.T. Kearney, Inc., 1988). A 

Defense Reutilization and Marketing O&e (DRMO) contractor disposes these items. The VSI team 

observed drums that they believed to contain PCB contaminated soil outside the cyclone fence. The 

VSI team also observed oil contaminated sorbent inside the fence on the concrete pad (NEESA, 

1984). A facility representative told the VSI team that the oil spill inside the fence was from a non- 
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PCB transformer (~50 ppm PCBs) and that laboratory results were pending regarding the contents 

of the drums located outside of the fence (NEESA, 1984). 

The Rl determined that concrete surfaces, and sediment and soil surrounding the immedkte area of 

the Old Power Plant and the transformer pads were contaminated with PCBs at concentrations 

exceeding AR4Rs. Additionally, surface water and wipe samples collected from the cooling water 

tunnel and underground storage tank manways clearly indicate that these areas were contaminated 

with PCBs and required further investigation as separate operable units. The depth of contamination 

is at least 1 foot; however, the presence of coral at a depth of 1 foot prevented deeper sampling at 

that time. The RT./FS focused on the soil/sediment operable unit. An estimated 986 cubic yards of 

soil/sediment were reported to require remediation; 20,000 square feet of concrete were reported to 

require remediation. 

, 

The FS for Site 16 identified three remedial alternatives that survived screening for all nine CERCLA 

criteria for evaluating and selecting remedial alternatives: overall protection of human health and 

the environment; compliance with applicable or relevant and appropriate requirements; long-term 

effectiveness and permanence; cost; local government acceptance; and community acceptance. 

Those alternatives that survived screening are: Alternative A - soil excavation, shipment, and off-site 

incineration; Alternative B - soil excavation, shipment, and off-site landfill, and Alternative C - soil 

excavation and on site incineration. 

Other alternatives were eliminated from consideration for the following reasons: technology not 

proven at or near full scale; technology not feasible; technology not applicable, not demonstrated, 

or not commercially available for testing or destroying PCB solid waste; or technology potentially 

applicable, but requires a successful laboratory or pilot field tests to demonstrate viability. 

The remedial technology Versar recommended for Site 16 was Alternative B - soil excavation, 

shipment, and o&site landfill. Soils outside Building 38 have been remediated and a project close- 

out report has been submitted. 

Seven surface water and six sediment samples were collected from this SWMU during the 

Supplemental Investigation (Baker, 1993). Organic contaminants were detected in both media. 
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The 1993 RFA reinspection indicated conditions within the building were similar to those seen in 

1988 (TRC, 1993). ,-- 

3.2.10 SWMU 12, - Fire Training Pit Oil/Water Separator 

This SWMU began operations in 1983; however, the 1984 IAS report does not address this SWMU. 

The first mention of this SWlvIU is in the 1988 RFA report. According to the RFA, the fire training 

pit oil/water separator is an inground concrete tank that measures approximately 7 feet x 30 feet x 

10 feet deep. Waste oils are burned at the Fire Training Pit during training exercises, the excess of 

which is collected in the oil/water separator. Water from this unit is pumped to the Sewer Drainage 

System (SWMU 38) to be processed by one of the Naval Station wastewater treatment plants. Oils 

from this unit are pumped back into the Fire Training Pit (SWMU 14). The Visual Site Inspection 

(VSI) team observed a ground level opening that was covered by heavy grating. The VSI team also 

noted an area of dead grass, adjacent to the oil/water separator, and oil stains on the curbing and 

guardrail uprights (A.T. Keamey, Inc., 1988). No evidence of releases was seen during the 1993 

RFA reinspection (TRC, 1993). A site map of this SWMU is presented on Figure 3-l 1. 

- 
3.2.11 SWMU 13 - Old Pest Control Shop/Building 258 

This SWh4U comprises IR Site 18. A site map of this SWMU is presented on Figure 3-12. The IAS 

report describes this SWMU as the following: 

0 The Pest Control Shop was located at Building 258 from the late 1950s through 

1983. Pesticides were stored in Building 258 and also on the parking apron. In 

1976, a 55 gallon drum of malathion, which was stored outside the building, 

ruptured and the contents spilled onto the ground, eventually washing into the 

drainage ditch in back of the building. This same ditch received rinse waters from 

the cleaning of pesticide equipment over a storm drain which discharged to the 

ditch. Excess pesticides were also poured into this ditch. Past environmental 

engineering surveys cite numerous aquatic kills due to pesticides entering the ditch. 

The area surrounding the building is devoid of vegetation, although the drainage 

ditch does not show any signs of stressed vegetation. 
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0 Pesticides used in the past include DDT, Paris Green, maldane, malathion, and 

chlordane. There is no information available, either from records or interviews, 

regarding the amounts or concentrations of the pesticides used (NEESA., 1984). 

In 1988, ESE performed two rounds of verification sampling. Fifteen soil samples were collected 

in Round 1 and analyzed for pesticides at this site. In addition, eight sediment samples were 

collected at this site (two in Round 1 and six in Round 2) and analyzed for pesticides. A total of 

eight surface water samples were also collected at this site (two in Round 1 and six in Round 2) and 

analyzed for pesticides. Three shallow monitoring wells were installed at the site and groundwater 

samples were collected in Round 2. Groundwater samples were analyzed for pesticides. The quality 

of the data obtained during the Confirmation Study is questionable and, therefore, no conclusions 

regarding conditions at the site can be drawn on the basis of this information. 

,- 

In 1988, a RFA was performed at this SW&&J. The VSI team noted that a faint but discernible 

pesticide odor was present behind the building and inside what was then the Diving Club pump 

room. They did not observe any signs of stressed vegetation. The president of the diving club, Mr. 

Seufert, reported to the VSI team that club members had decontaminated the inside of the building 

before occupying it. According to Mr. Seufert, decontamination involved washing the inside walls 

and floor with bleach before sealing with a vinyl coating. The meeting room was then tiled, but the 

pump room was not (A.T. Kearney, Inc., 1988). 

Since the 1988 RFA, the building has been demolished. The RFA reinspection of the site found no 

visible signs of releases (TRC, 1993). 

3.2.12 SWMU 14 - Fire Training Pit Area 

This SWMU comprises IR Site 17. A site map of this SWMU is presented on Figure 3-11. The IAS 

report indicated the following about SWMU 14: 

l The crash crew training area was operated by the Aii Operations Department from 

early 1960s through 1983. 
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l Two unlined pits were used in the past for fire fighting training. The fnst pit, which 

was approximately 40 feet in diameter, was used from the early 1960s through the --- 

beginning of 1983. Assuming 20 years of operation, about 120,000 gallons of waste 

solvents, fuels, and oils were placed in the pits and set on tire for fire fighting 

training. Also burned were wood, trash, plastic, fuel filter elements, oily rags, and 

other debris. The fires were extinguished using aqueous film-forming foam (AFFF) 

and potassium bicarbonate (Purple K). Past aerial photographs show drainage from 

this pit to the ditch along the runway shoulder. The new fire training pit was built 

at the same location as the old pit. 

0 The second pit was used temporarily during the construction of the new fire training 

pit in 1983. This unlined gravel pit has a diameter of 200 feet and was used 

approximately six times. Approximately 3,000 gallons of waste fuel, oil, and 

solvents were burned in this area. Only small amounts of fuel were allowed to soak 

into the ground (NEESA, 1984). 

In 1988, a RFA inspection was performed at this SWMU. During the inspection, the VSI team 

observed that within the concrete curbing of the pit was a metal structure (what appeared to be the 

tank from a railroad tank car and large pieces of scrap metal) underlain by a layer of bricks which 

rested on the concrete lining. The metal structure, rocks and concrete curbing were completely 

black. Immediately adjacent to the pit was an area of darkly stained soil measuring approximately 

40 feet by 100 feet. Vegetation was observed to be growing in the stained area adjacent to the pit 

(A.T. Kearney, Inc., 1988). 

-. 

The 1993 RFA reinspection found conditions similar to those seen in 1988 (TRC, 1993). 

3.2.13 SWMU 23 - Oil Spill Separator Tanks 

Located approximately 100 feet inshore from the fuel pier are three oil spill separator tanks which 

process waste pumped in from the Ships Waste Off-Load Barges (SWOBs) [SWMU 221. A site map 

of this SWMU is presented on Figure 3-13. The oil spill separator tanks are large steel boxes that 

are underlain by a concrete pad with an 8-inch curb (A.T. Kearney, Inc., 1988). Each box has a pipe 

that extends out laterally from the bottom. -. 
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After the water settles to the bottom of the tank, a valve on the pipe is opened, and the contents are 

allowed to spill out until all the water has been removed. The separated oil is then transferred to the 

Oil Spill Oil/Water Separator (SWMU 24). This added process of separation is necessay because 

the majority of liquid pumped up by Donuts (SWMU 21) and SWOBs (SWMU 22) consists of sea 

water. Each oil spill separator tank is constructed of steel and, according to facility representatives, 

has a 2,000-gallon capacity (A.T. Kearney, Inc., 1988). 

The VSI team noted black staining on the concrete pad, curbing and areas of asphalt around the 

SWMUs both in 1988 and during the 1993 RFA reinspection (TRC, 1993). 

3.2.14 SWMU 24 - Oil Spill Oil/Water Separator and Adjoining Pad 

According to the 1988 RFA report, the oil spill oil water separator is a below ground structure built 

of concrete with steel grating covering the top at ground level (A.T. Keamey, Inc., 1988). A site 

map of this SWMU is presented on Figure 3-13. Facility representatives reported to the VSI team 

that the oil/water separator has a capacity of 1,500 gallons. This unit receives discharge from the Oil 

Spill Separator Tanks (SWMU 23). After separation, the waste oil is removed by Defense 

Reutilization and Marketing Office (DRMO). The final disposal of wastewater was not determined 

by the VSI team (A.T. Kearney, Inc., 1988). The VSI team also did not determine if an overflow 

control device existed at this SWMU. They did not observe any sign of a release at the time of the 

VSI. However, minor staining around the edge of the separator was observed during the 1993 RFA 

reinspection (TRC, 1993). 

3.2.15 SWMU 25 - DRMO Storage Yard 

This SWMU is comprised of an area measuring approximately 40 feet x 100 feet and is located 

immediately adjacent to the Ignitable Storage Facility (SWMU 18) (A.T. Kearney, Inc., 1988) within 

the larger DRMO Yard. A site map of SWMU 25 is presented on Figure 3-14. In 1988, a facility 

representative stated to the VSI team that this unit was used for hazardous waste storage prior to the 

use of the Ignitable Storage Facility and DEMO Hazardous Waste Storage Facility (SWMU 17) 

(A.T. Kearney, Inc., 1988). A facility representative told the VSI team that this SWMU was being 

used to store hazardous materials at the time of the inspection. Evidence of past release was 

observed during the VSI. Several oil stains, the largest measuring approximately 20 feet in diameter, 

3-25 



were observed (A.T. Keamey, Inc., 1988). However, during the 1993 RFA reinspection, the area 

could not be accurately located but may coincide with an area now used for storage of raw material 

(TRC; 1993). A color photograph of the site showing the stained area (from the original RFA) was 

used to locate the area to be subjected to sampling. 

3.2.16 SWMU 26 - Building 544 Area 

This SWMU is comprised of approximately twenty-five 30-gallon drums, some of which had 

polyethylene liners (A.T. Kearney, Inc., 1988). The 1988 RFA report indicates that these drums 

were located behind Building 544 and were surrounded by thick brush (A.T. Kearney, Inc., 1988). 

The VSI team noted that some of the drums contained engine lubricating oil, and that one of the 

labels had the number 9150-23 l-6654 stamped on it (A.T. Kearney, Inc., 1988). The VSI team could 

not identify the contents in all of the drums because not all of the drums were labeled. The VSI team 

also observed a tar-like substance leaking onto the ground (A.T. Kearney, Inc., 1988). 

In 1992, the Navy conducted a site inspection of this SWMU. The site has changed since the 1988 

RFA was issued. Building 544 had been demolished (in approximately 1990). The concrete 

foundation of Building 544 remains; but the drums have been removed. Soil from the area where 

the drums were stored had been bulldozed approximately 20 feet and stockpiled. No evidence of 

stained soil was observed during the 1993 RFA reinspection (TRC, 1993). A site map of this 

SWMU is presented on Figure 3-15. 

3.2.17 SWMU 30 - Former Incinerator 

This SWMU is comprised of an incinerator formerly used to burn flammable wastes and an 

associated UST. The UST was removed under the UST regulations; however, some residual 

groundwater contamination appears to be present. 

The SWMU is located along the landfill access road as shown on Figure 3-10. 
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3.2.18 SWMU 31- Waste Oil Collection Area/Buildings 31 and 2022 

This SWMU is part of IR Site 10. A site map of this SWMU is presented on Figure 3-16. ,Accordmg 

to the 1988 RFA, the Transportation Shop services Public Works Department (PWD) vehicles inside 

Building 31 and in the yard just north of the building. Approximately 30 yards from the 

Transportation Shop warehouse is a concrete pad used for the temporary storage of 55-gallon waste 

oil drums, although none were present at the time of the VSI. A 6-inch concrete curb surrounds the 

pad which measures approximately 13 feet by 20 feet. A steel drainage pipe with a valve is set into 

the curbing, and at the time of the 1988 VSI, was found to be broken in the open position. The yard 

surrounding this unit is asphalt. No leakage was evident at the time of the VSI; however, with the 

dram pipe valve broken in the open position any spills on the concrete pad would flow directly onto 

the Public Works Department yard (A.T. Kearney, Inc., 1988). 

In 1988, ESE performed two rounds of verification sampling for IR Site 10 (SWMUs 3 1 and 32, and 

AOC B). Groundwater samples were collected corn eight wells. The results of the analyses 

indicated that presence of low levels of organic compounds and the presence of some metals at levels 

that exceeded primary drinking water standards and ambient water quality criteria. The quality of 

the data obtained during the Confirmation Study is questionable and; therefore, no conclusions 

regarding conditions at the site can be drawn on the basis of this information. 

Eight soil samples were collected from lR Site 10 during the Supplemental Investigation (Baker, 

1993). Organic contaminants were present in trace concentrations. A risk assessment conducted as 

part of the Supplemental Investigation indicated that there is no threat to human health or the 

environment associated with this media. Table 3-3 presents a summary of the analytical results. 

33.19 SWMU 32 - PWD Storage Yard/Battery Collection Area/Building 31 

This SWMU is part of IR Site 10. A site map of this SWMU is also presented on Figure 3-16. It 

consists of a number of batteries that were stored on the bed of a truck and on a pallet on the ground. 

This SWMU is located approximately 100 yards northeast of the Transportation Shop warehouse. 

The 1988 VSI team noted that several dozen batteries were in various stages of decay, but .that none 

of the batteries were corroded to the point of leakage. Most, according to the VSI team, appeared 

to contain electrolyte. The VSI did not observe any evidence of release. 
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In 1988, ESE performed two rounds of verification sampling for IR Site 10 (SWMUs 3 1 and 32, and 

AOC B). Groundwater samples were collected from eight wells. The results of the analyses 

indicated that presence of low levels of organic compounds and the presence of some metals at levels 

that exceeded primary drinking water standards and ambient water quality criteria. The quality of 

the data obtained during the Confirmation Study is questionable and; therefore, no conclusions 

regarding conditions at the site can be drawn on the basis of this information. 

- 

Eight soil samples were collected from IR Site 10 during the Supplemental Investigation 

(Baker, 1993). Organic contaminants were present in trace concentrations (see Table 3-3). A risk 

assessment conducted as part of the Supplemental Investigation indicated that there is no threat to 

human health or the environment associated with this media. 

3.2.20 SWMU 37 - Waste Oil Storage Area/Building 200 

According to the 1988 RFA, this unit consisted of nineteen 55-gallon drums resting on wooden 

pallets, situated on a raised, covered concrete pad behind Hangar 200. The drums were observed by 

the VSI team to contain waste gasoline and lubricating oil from Aircraft Intermediate Maintenance 
,-- 

Department (AIMD) operations. A site map of this SWMU is presented on Figure 3-17. 

During the 1993 RFA reinspection, the area was found to be well managed. A minor area of stressed 

vegetation was seen at the rear of the unit. Freshly exposed soil from the area yielded measurable 

organic vapors (TRC, 1993). 

3.2.21 SWMU 39 - Building 3158/Farmer Battery Drain Area 

According to the 1988 REA, this unit consists of a storage building and covered battery dramage 

area. A site map of this SWMU is presented on Figure 3-18. This building stores waste batteries 

and battery acid that are generated by Naval Mobile Construction Battalion (NMCB or “SEABEES”) 

operations. The metal battery drain tank (shaped like a funnel) is underlain by a curbed concrete pad. 

Battery contents are poured into the drain tank and the battery acid is caught below in a container. 

The curbing around the pad is cracked and stained, indicating that there have potentially been past 

releases to the soil (A.T. Kearney, Inc., 1988). 
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The Navy, during a site visit in March 1992, observed no visible signs of release to the soils. The 

area is no longer used for battery storage according to the 1993 RFA reinspection. It is now 

employed to store flammable materials. The original pad could not be found (TRC, 1993). 

3.2.22 SWMU 45 - Soils Outside Building 38 (IR Site 16) 

This SWMU, which is part of IR Site 16, consists of an area outside of Building 38, the Old Power 

Plant (SWMU 11) where transformer oils, containing PCBs, were routinely discarded directly onto 

the ground during transformer maintenance. A site map of this SWMU was presented on 

Figure 3-10. 

3.2.23 SWMU 46 - Pole Storage Yard Covered Pad 

According to the 1988 RFA report, this unit was cited in the Naval Assessment and Control of 

Installation Pollutants (NACIP) report as a Public Works Department hazardous waste storage area 

/- 

that had been used to store transformers and 5.5 gallon drums of PCB-contaminated material. A site 

map of this SWMU is presented on Figure 3-19. The NACIP report further stated that the area 

showed evidence of oil spillage. A facility representative confirmed that this unit had formerly been 

used to store transformers during the 1988 VSI. The VSI team observed that this unit was a covered 

concrete pad, and that it was used for the storage of products including insulators, telephone poles, 

small cardboard boxes of electrical equipment, and several full 5 gallon pails, one marked as 

electrical lubricant. The VSI team also noted that the unit was surrounded by a cyclone fence. 

Telephone poles were piled near the entrance. No evidence of release was observed by the VSI team 

(A.T. Kearney, Inc., 1988). During the 1993 RFA reinspection, the pad was observed to be clean 

with only some wire present (TRC, 1993). 

3.2.24 SWMU 51- New AIMD Storage Pad/Building 379 

SWMU 5 1 consists of a curbed concrete storage pad located outside Building 379. This storage pad 

is roofed and enclosed with a cyclone fence. A site map of this SWMU is presented on Figure 3-20. 

It was first identified during the 1993 RFA reinspection, and is presently utilized by the AIMD 

facilities in place of SWMU 33. Also present at this SWMU is a 200-gallon tank which touches the 

storage pad, but is outside the curbed area. The entire pad area is surrounded by asphalt pavement. 
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Oil stains were observed emanating from two drain valves in the curb surrounding this pad, and from 

the 200-gallon tank located outside the pad curb (TRC, 1993). 

3.2.25 Area of Concern (AOC) B - Building 25 

This AOC is part of IR Site 10. A site map of this SWMU is presented on Figure 3-5. The 1984 IAS 

report noted the following: 

0 Building 25 was used from 195 1 until the structure collapsed in 1979 by the Public 

Works Supply Department for temporary storage of materials. The entire area 

around the building was used for open storage of drummed material from at least 

1957, according to aerial photographs. 

0 The entire area in and around the collapsed building is overgrown with vegetation, 

although historical aerial photographs show the area to be relatively free of 

vegetation other than ground cover through 1977. 

,- 

0 Materials found in and around Building 25 include 20 to 25 apparently empty to 

partially filled 55-gallon drums; 10 to 15 5-gallon pails; office furniture; mechanical 

devices; construction rubble; industrial gas cylinders; asbestos sheeting; fiberglass 

buoys; and transformers. 

0 Of particular interest are the 5-gallon pails, the drums, and a large transformer found 

at the collapsed building. The compound has a green-colored crust about l/2 inch 

thick, encasing a white material with the consistency of semi-dry plaster. A large 

transformer is lying on its side at the east corner of the building. No evidence of oil 

leakage was apparent (NEESA, 1984). 

The 1988 RFA VSI team observed that Building 25 had collapsed. They also noted the following: 

l It appeared that the majority of material stored there consisted of old clothing, 

empty wooden boxes and small empty shells. No sign of release was noted during 

the VSI; however, it is possible that some amount of material was completely ,- 
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covered by vines and could not be observed during the VSI (A.T. Kearney, Inc., 

1988). 

Eight soil samples were collected from IR Site 10 during the Supplemental Investigation (Baker, 

1993). Organic contaminants were present in trace concentrations. A risk assessment conducted as 

part of the Supplemental Investigation indicated that there is no threat to human health or the 

environment associated with this media. 

3.2.26 Area of Concern C - Transformer Storage Pad 

A site map of this AOC is presented on Figure 3-19. The 1988 RFA report describes this AOC as 

follows: 

This AOC is comprised of two raised concrete pads that, at the time of the VSI, were used 

for storage of transformers. During the VSI, 40 transformers were observed to be stored on 

the storage pad to the south, which measured approximately 20 feet x 50 feet. This pad was 

covered by ripped canvas stretched over a wooden frame. The north pad was uncovered and 

contained at least 25 transformers and 20 to 40 batteries. The products stored ait this unit 

were in good condition. Standing oil inside the north pad and release to the soil through a 

crack in the concrete were observed. Transformers of various sizes were scattered around 

both the south pad and the north concrete pad. 

The 1993 RFA reinspection indicated that the site remains as found in 1988 except more 

transformers are present (TRC, 1993). Site representatives indicated that transformer removal was 

imminent (within 30 days). 

3.2.27 Area of Concern D - Ensenada Honda Sediments 

The Area of Concern D is comprised of the sediments of Ensenada Honda. Episodic spills of fuels 

and possible releases from SWMSJs abutting the Honda (e.g., SWMUs 1,2,3 and 7) affecting the 

sediments is the concern related to this AOC. It is the intent of the RF1 to address the sediments by 

sampling associated with each SWMU that contacts the Honda. 
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4.0 SCHEDULE 
i 

The purpose of this section is to present project schedules for the seven Operable Units at the 

Activity. These schedules will be adjusted annually as necessary. 

Those SWh%Us included in Operable Unit 1 are presented on Table 4- 1. Operable Unit 12 includes 

SWMUs 7, 8, and 9. SWIMUs 11 and 45 are included in Operable Unit 3. The Base Landfill 

comprises Operable Unit 4. Operable Unit 5 includes SWMUs 1 and 2. AOC B - Building 25 

comprises Operable Unit 6 and Operable Unit 7 is comprised of AOC D Ensenada Honda sediments. 

The project schedules are depicted on Figures 4-2 through 4-5. 
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Draft 

Meeting with EPA 

Review 

Final 

Sub Procurement/Mobilization 

Field Investigation 

Laboratory Analysis 
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Field - SWMUS Upgraded to Full RF 
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Review 
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Oed 

91ed 
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Draft Final 

Final 
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CM1 

Design 

Review 
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Project Schedule 
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7/l/01 

8/l/01 

S/l/O 1 

1 l/l/O1 

l/l/O2 

2/l/02 

2/l/02 

2/l/02 

Figure 4 - 5 
Project Schedule 

Operable Units 7 - NSRR 

I1995 11996 I1997 I1998 I1999 I2000 I2001 I200 

(1) Determined by Scope of Remedial Measures (2) To be started at end of Remediation 



5.0 PROJECT MANAGEMENT AND STAFFING 

The Baker Project Team will be managed by Mr. Christopher D. Boes, P.G. under the direction of 

Mr. Thomas C. Fuller, P.G., the Activity Coordinator for NSRR, Their primary responsibility will 

be to monitor the projects technical performance and cost and schedule and maintain close 

communication with the LANTDIV Engineer-m-Charge, Mr. Art Wells. As shown on Figure 5-1, 

Mr. Boes will report to Mr. Fuller and Program Management, Mr. John W. Mentz. 

Mr. Raymond P. Wattras will be responsible for overall Quality Assurance/Quality Control. 

The Project Team will consist of the Activity Coordinator, Project Manager, Engineer, Geologist, 

Risk Assessment Specialist, Environmental Scientist, and technical support staff as shown on 

Figure 5- 1. Resumes for key staff are included in Appendix A of the DCQAP. 

5-l 





TABLE l-l 

SWMUdAOC MEDIA SUBJECT TO CORRECTIVE ACTION REQUIREMENTS 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

. 
I 

#3 1 Waste Oil Collection Area/Bldg. 3 1 & No Yes No First Phase 
2022 

#32 PWD Storage Yard/Battery Collection No Yes No First Phase 

#37 Waste Oil Storage Area/Bldg. 200 No Yes No First Phase 

#39 Bldg. 3 158/ Former Battery Drain Area No Yes No First Phase 

#45 PCB Spill Area/ Old Power Plant Yes Yes Yes Full 

#46 Pole Storage Yard Covered Pad No Yes No First Phase 

#5 1 New AIMD Storage Pad/ Bldg. 379 No Yes No First Phase 

AOC #B/ Bldg. 25 Yes Yes No Full 
AOC #C/ Transformer Storage Pad No Yes No First Phase 

AOC #D/Ensenada Honda Sediments No No Yes First Phase 

Notes: (I) Full RFIs are conducted where releases were established during previous investigations. The purpose of 
the full RF1 is to determine the nature, rate, direction, and extent of hazardous waste or hazardous 
constituents. 

(‘) The purpose of the first phase RF1 is to confirm any releases from these SWhGJs and/or AOC. 

(3) Contingent requiiements are pending results of ongoing investigation or closure activities. 



LE 3-l 

SUMMARY ANALYTICAL RES.ULTS FROM SUPPLEMENTAL INVESTIGATION ’ 
SWMU I- ARMY CREMATOR’DISPOSAL SITE 

SAMPLE ID 

UNITS 

VOLATILES 
Acetone 
Carbon disultidc 
Methylic chloride 

PESTICIDESlPCBs 
BHC,bcta- 
BHC,delta- 
BHC,gamma- 
Chlordane,ganuna- 
DDD,4,4- 
DDE,4,4- 
DDT.4.4. 
Dieldrin 
Endosulfan f  
En&in 
End& aldehyde 
Hcptachlor 
llcpmchlor epoxide 
Med~oxycldor 

SEMlVOLATJLES 
Bis(2-clhylhexyt)ph~hnlnlc 

OS OW 1OlA 

NA 
NA 
NA 

0.05 u 
o.os- u 
0.05 u 
0.05 u 
0.1 u 
0.1 u 
0.1 u 
0.1 us 

0.0s u 
0.1 u 
0.1 u 

0.0032 f  
0.03 u 

0.5 UJ 

3 s 

. 

OS OW 1OlB 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
Nh 
Nh 

NA 
Qualitlm: 

05 SS 126 osss127 

733' 160 3 

14 21 
31 u 19 u 

2u 
0.097 u 

2u 
;2 u 
1.8 J 
5,s 
2.1 J 
3.8 UJ 

'20 
0.12 NS 
3.8 u 

2 UJ 
2u 

0.44 NJ 

1.9 u 
; 1.9 u 

1.9 u 
1.9 u 

: 3;7u 
0.49 J 
0.31 NJ 

3.7 u 
1.9 u 
3.7 u 
3.7 u 
1.9 UJ 
I.9 u 
I9 u 

IS00 u 1500 u 

OSSSl28 

170 UJ 
10 
3s u 

2u 
2 UJ 
2u 
2 UJ 

0.26 f 
2.2 J 
2.9 J 
3.9 u 

2u 
3.9 u 
3.9 u 

2 UJ 
2u 

21 UJ 

1500 u 

OS ss 129 

"@S 

12 u 

10 
51 NA 

2.1 u 
0.19 J 
2.1 u 
2.1 UJ 
4.1 u 
1.2 J 
2.6 J 
4.1 u 
2.1 u 

0.39 J 
4.1 u 
2.1 UJ 
2.1 u 
II u 

1500 u 

c - resullc were confiicd by OCIMS 
D -parameter identitled In an anrlysf at a 8ccandary dilution f&or 
J - estimated vatue 
NA - not analpd 
NA* - No Actfon, rmpla result fir the csntamtnant is not qualified with any blmk qualiiinr 
NJ l presumptive evidence tbr ths presr~e nfthe -+*-e@- c! an ti!m:tad v&r p...“.. . . . 
U l not defected 
UJ . reported quanti&tion limit is cstlmated 

05ss130 

w& 

38 J 
18 
28 U 

21 u 
21 UJ 
21 u 
21 u 

180 NJ 
480 J 

3500 CD 
40 u 
21 u 
40 u 
40 u 
21 u 
21 u 

210 u 

430 3 



TABLE 3-l 
SUMMARY ANALYTICAL RESULTS FROfvi SUPPLEMENTAL INVESTIGATION 
SWMU 1 - ARMY CREMATOR DISPOSAL SiTE 

SAMPLE ID 

UNITS 

VOLATILES 
Acctonc 

Carbon disulfide 
Methylene chloride 

PESTXCIDES/PCBs 
BHC,beta- 
BHC,delta- 
BHC,gamma- 
ChfordaIte,gcmma- 
DDD,4,4- 
DDE,4,4- 
DDT,4,4- 

I Die&in 
Endosulfan I 
Endlil 
En&in nldchydc 
Hcpfachtor 
Heptachlor epoxidc 
Melhoxychlor 

SEMIVOLATXLES 
Bis(2-erhylhexyl)ph~hala~c 

05 ss 131 

Uie8 

12 u 
10 
19 u 

20 u 
20 u 
20 u 
20 u 
44 NJ 

210 
1500 CD 

38 u 
20 u 
38 U 
38 u 
20 u 
20 u 

200 u 

1soo u 

OSSS132 05 ss 133 

48 f  260 J 
10 2 f  
29 U 27 u 

2.1 UJ ’ 
2.1 Uf 
2.1 UJ 
2.1 UJ 
4.1 UJ 

0.63 J, 
0.49 J 
4.1 UJ 
2.1 UJ 
4.1 UJ 
4.1 UJ 
2.1 rJ3 
2.1 us 
21 UJ 

2.1 u 
2.1 u 
2.1 u 
2.1 u 

0.23 J 
1.2 J 
1.2 J 
4.2 U 
2.1 u 
4.2 U 
4.2 U 
2.1 UJ 
2.1 u 
22 UJ 

1500 u 1700 u 
QurliIicrs: 

05 SS 134DUP OS ss 13s 
(05 85 133) 

UN8 Ul?& 

120 J 13 u 54 J 
3J 6U 3 J 

31 u 8 28 U 

2.1 u 2.1 u 2u 2u 
2.1 u 2.1 u 2u 2u 
2.1 u 2.1 u 2u 2u 

0.086 J 2.1 Uf 2u 2u 
1 NJ 4u 3.8 U 3.8 U 

5.8 4u 3.8 U 3.8 U 
5.4 4u 3.8 U 3.8 U 
4.2 U 4u 3.8 U 3.8 U 
2.t u 2.1 u 2u 2u 
4.2 U 4u 3.8 U 3.8 U 
4.2 U 4u 3.8 U 3.8 U 
2.1 UJ 0.12 J 2 UJ 2 Uf 
2.1 u 2.1 u 2u 2 UJ 
22 Uf 21 u 20 u 20 u 

1900 1600 US 400 J 440 J 

05 SS 136 

wm 

C - results were cafiicd by oc/MS 
D -parameter idcntfned in an analyair at a accondary dilution factor 
J l cstimatcd value 
NA - not analyzed 
NA* l No Action, ~mpferesult for the conhm@nt is not qualified with any blank qualiicrs 
NJ l prcsumplhe evidence for the presence ofthc pruametcr at M esthated value 
U -not detcctcd 

‘OJ - reported quantltaf~on limit is estimated 

OS SS 137DUP 
(OS SS 136) 

U&V% 

47 
6 

J 

17 u 

i 

0 

’ \ i 



-- 

T 3-l I’ 
MARY ANALYTICAL RESULTS FROM SUI’PLEMENTA, . VES-f’jGATION 

SWMU 1 - ARMY CREMATOR DISPOSAL SITE 
SAMPLE ID 05 SS 138 

UNITS Ugn<g 

VOtATXLES 
ACCtOllC 
Carbon disulfide 
Methylme chloride 

83 S 
6U 
6U 

PESTICIDES/PCBs 
BHC,beta- 
BHC,delta- 
BHC,gamma- 
Chlord8ne,g8mma- 
DDD.4.d 
DDE,4,4- 
DDT,4,4- 
DiCldIill 
Endosulfan I 
En&ill 
End& aldchyde 
Heptachlor 
Heptachlor epoxide 
Methoxychtor 

1.9 UJ 
1.9 u 
1.9 UJ 
1.9 u 
3.7 u 
3.7 u 

0.11 Nf 
3.7 UJ 
1.9 us 
3.7 u 
3.7 u 
1.9 UJ 
1.9 u 
19 UJ 

SEMIVOLATILES 
Bls(Z~ylhexyl)~h~alate IS00 u 

05 ss 139 05 ss 142 

UglKB Ugncg 

12 UJ NA 
6U NA 
6U NA 

2u 
2 UJ 
ZU 
2u 

.3.8 U 
3.8 UJ 
3.8 U 
3.8 UJ 

2 UJ 
3.8 U 
3.8 U 

2u 
2u 

20 UJ 

1.1 J 
0.86 J 
0.13 NJ 
4.2 f  
8.2 U 
8.2 U 
83 U 
4.2 US 
1.5 Nf 
8.2 UJ 
8.2 U 

0.42 3 
4.2 us 
19 f  

420 f  NA 
Qualifiers: 

05 ss 143 OS ss 14oc 
Background 

WR3 

NA NA 
NA NA 
NA NA 

2.2 u 
2.2 u 
2.2 u 
2.2 u 

0.73 NJ 
4.3 u 
4.3 u 

2 I 
2.8 NJ 
4.3 u 
4.3 u 
2.2 u 

0.46 NJ 
22 UI 

1.9 u 
1.9 u 
1.9 UJ 
1.9 UJ 
3.6 U 
3.6 UJ 
03 f  
3.6 U 
1.9 us 

0.12 J 
3.6 U 
1.9 u 
1.9 us 
19 u 

NA NA 

OS SS 14OD 
Background 

um? 

NA 
NA 
NA 

1.8 U 
1.8 U 
1.8 UJ 
1.8 U 
3.5 u 
3.5 us 

0.16 f  
3.3 u 
1.8 UJ 
33 u 

0.14 1 
1.8 U 
1.8 U 
1.9 UJ 

NA 

C - results were conflamed by W/MS 
D - param* !dentUled In an malyals at a ~~eondery dilution ktor 
f  -estimated value 
NA - not analyzed 
NA* - No Action, rample mull !br the contamlnent is not qualified with any blank qualifkrs 
NJ - presumptive ovidence for the presence of Lo parameter at an esthnated vafuo 
U -not detected 
UJ - reported quantitatlon lhnit Is estimated 

Of SS14OE 
Background 

WQ! 

NA 
NA 
NA 

1.8 U 
1.8 U 
1.8 UJ 

0.24 J t 
3.6 U 
3.6 U 
3.6 U 
3.6 U 
1.8 UJ 
3.6 U 
3.6 U 
1.8 us 
1.8 U 

0.23 NJ 

NA ’ 



TABLE 3-2 
SUMMARY ANALYTICAL RESULTS FROM SUPPLEMENTAL INVESTIGATION. 
SWMU 2 - LANGLEY DISPOSAL AREA 

SAMPLEID ’ 06 OW 1OlA 

UNITS 
VOLA’JXLES 
Acetone 
Bnrzene 

ButanonJ- 
Carbon disulfidc 

Eill)hCIUCIlC 
Methylenc-chloride 
Toluenc ‘t 
Xylene, 0. ’ 
Xylcnes, fn-, p 
PESTICXDWl’CBs 
AIdfin 
BKC,alpha- 
BKC,bCtl- 
BHC,dellr- 
BHC,gMu?la- 
Ctdonlane,alpha- 
DDD,4,4- 
DDE,4,4. 
DDT.4.4. 
Dieldrin 
EndosuWan 1 
Endosulfhn 11 
Etuiosulfan sulfate 
Endrh 
Endrin aldchyde 
Endn’n ketone 
Heptachlor 
Hcptachlor epoxide 
Methoxychlor 

ugh ’ 

10 u 
JU 

10 u 
SU 
3U 
JU 
SU 

NA 
NA 

0.03 u 
0.05 u 
0.05 u 
0.05 u 
0.0s u 
0.05 ‘u 
0.1 u 
0.1 u 
0.1 u 
0.1 tb 

0.05 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 

0.0017 NJ 
0.05 u 
0.05 UJ 

06 SS 141 

U&8 

16 UJ 
8U 

16 UJ 
17 u 
8U 

24 
8U 
8U 
8U 

2.1 u 
0.085 NJ 

0.8 NJ 
0.39 NS 

2.5 u 
2.S UJ 
5.1 

3 NJ 
1 NJ 

4.9 u 
2,s u 
4.9 u 

I NJ 
4.9 UJ 
4.9 u 
4.9 UJ 

On36 3 
2,s UJ 
2s u 

06 SS 142 06 SS 143 06 SS 14s 06 SS 146 

R 
18 U 

410 J 
110 u 

18 UJ 
. s9u 

14 J 
18 US 
18 UJ 

180 J 370 J 39 J 
10 u 7u 7u 
19 UJ 14 us 15 UJ 
10 u 7u 7u 
10 u 7u 7u 
9J 6S 11 

10 u 7 7u 

10 u 7u 7u 
10 u 7u 7u 

4.2 U 
43 U 
1.1 .J 

0.86 J 
0.13 NJ 
4.2 US 
8.2 U 
8.2 U 
8.2 U 
4.2 US 
1.S NS 
8.2 US 
8.2 UJ 
8.2 US 
83 U 
8.2 U 

0.42 J 
. 482 UJ . 

1.5 f  

2.2 u 2.3 u 0.35 I 
2.2 u 2.3 UJ 2.7 U 
2.2 u 2.3 U 2.7 U 
2.2 u 2.3 U 2.7 U 
2.2 u 1.2 NJ 2.7 U 
2.2 u 23 U 2.7 U 

0.7s NJ 4.S UJ 5.2 u 
4.3 u 5.3 f  s.2 u 
4.3 u 1.1 J s.2 u 

2s 43 UJ s.2 u 
2.8 NJ 2.3 UJ 2.7 U 
4.3 u 0.15 NJ 3.2 u 
4.3 u 4.5 u 5.2 u 
4.3 u 0.15 NJ s.2 u 
4.3 u 0.71 J s.2 u 
4.3 u 0.2s NJ 5.2 u 
2.2 u 0.17 J 2.7 U 

0.46 NJ 2.3 UJ 2.7 q 
22 UJ 24 Uf 27 U 

NJ 4 pmumplivo evidence fbr tbha ~ESCIIC~ of ihe parameter at an estimated value 
U l not detected 
UJ -reported qusn~ilatbn llmil 1s estimated 
E - concentmtton exceeds calibration qo of GCYMS jnstntmcnt 



TABLE 3-2 
SUMMARY ANALYTICAL RESULTS FROM SUPPLEMENTAL INVESTIGATION 
SWMU 2.- LANGLEY DISPOSAL AREA 

SAMPLE ID 06 QW IOIA 

UNITS W- 

SEMlVOLATILES 
AIlthraCClle 

l3cnzo(a)anthfrcene 

~OwP~~C 
Bmo(b)fluomnthcllc 
BQwlM~w~~e 
Bcnzo(k)fluomflthenc 
Bis(2-cthylhexyl)phthalate 
cMbaz01c 
chlysclle 
Di-n-butylphthrlate 
Dibcnzo(a,h)anthmcene 
PldOIXUlthCllC 

Indeno(l,2,3-cd)p~enc 
Phcnanthrenc 

pyr*lC 

21 u 
21 u 
21 u 
21 u 
21 u 
21 If 
2J 

21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 

06 SS 141 . . 

W&J 

2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 

Ml! 

4400 u 
4400. u 
4400 u 
4400 u 
4400 u 
4400 u 

15000 
4400 u 
4400 v 
4400 u 
4400 u 
4400 u 

. 4400 u 
4400 u 
4400 u 

- . 
; Qurliiers: 

J l estimated vrlus 
NJ -presumptive evidence for the presence of’the prmmeta rrt an estimated vab~a 
U . not detefed 
UJ - repotted quatttitation limit is estimated 
E l concmtrat\onkxccedc c*libmtlonrang* 0fcK‘JMS lnstfumcnt 
R -result is rejected and unusable 

’ . 

06 SS 142 06 SS 143 06 SS 145 

u&m 

2500 u 
2500 u 
2500 u 
2300 u 
2500 u 
2500 u 
2500 u 
2500 u 
2500. u 
2500 u 
2500 u 
2500 u 
2500 u 
2soo u 
2500 u 

1900 u 
1900 u 
180 J 
180 f 

1900 u 
260 J 

1900 u 
1900 u 

150 J 

1900 u 
1900 u 
1900 u 
1900 u 
1900 u 
1900 u 

06SS146 

110 J 
1000 J 

270 J 
1300 J 

330 J 

2000 

1700 u 
92 J 

I400 J 
94 J 

450 J 
3200 

700 J 
1900 
2100 

! 



SUMMARY ANALYTICAL RESULTS FROM SUPPLEMENTAL INVESTIGATION 
SWMU 2 - LANGLEY DISPOSAL AREA 

06 SS 148 06 SS 149DUP SAMPLE ID 06 SS 147 

UNITS 
VOLATILES I 
Acetone 
Benzene 
Butenonc,2- 
CarbondisulAde 
Ethylbcnzcne 

: Methykne chloride 
+tolumc 
Xylcnc, 6 
Xylcnes, m-, p 
PESTICItiESflCBs 

-_ Aldrin 
BHC,alpha. 
BHC,bcta. 
BHC,delte- 
BHC,gemma. 
Chlo&nc,alpha- 
DDD,4,4- 
DDE,4,4- 
DDT,4,4- 
Dieldrin 
Endosutfkn 1 

I 
Endosulfkn JI 
Endosulfan eulfetc 
E&in , 
Endrin rldchydc 
Ihdrin kctonc 
Hcptachlor 
Hcptachlor cpoxide 
Mdhoxvchlar ,-.---- 

WI3 

370 J 99 J 
6U 6U 

12 UJ 12 UJ 
3 J 6U 
6U 6U 

39 u 23 
6U 6U 
6U 6U 
6U 6U 

2.2 u 
2.2 u 
2.2 u 
2.2 u 
2.2 u 
2.2 UJ 
4.2 U 
4.2 U 
43 UJ 
4.2 U 
2.2 u 
4.2 U 
4.2 u 
4.2 U 
4.2 U 
4.2 U 

0.11 J 
2.2 u 
22 u 

2.2 u 
2.2 u 
23 u 
2.2 u 
2.2 y 
2.2 v 
4.3 u 
4.3 jJ 
4.3 p 
4.3 u 
3!2 u 
43 u 
4.3 u 
4.3 u 
4.3 u 
4.3 u 
2.2 UJ 
2.2 u 
22 u 

06 SS 150 
(06 SS 148) 

UslKe 

62 J . 560 i 
6U 10 u 

I2 us 20 VI 
6U 10 u 
6U 10 u 

15 40 
6U 10 u 
6U 10 u 
6U 10 u 

2.1 u 
2.1 u 

0.48 J 
2.1 u 
2.1 u 
2.1 u 

4u 
4u 
4u 
4u 

2.1 u 
4u 
4u 
4u 
4u 
4u 

2.1 u 
2,l u 
21 u 

2.4 U 
2.4 U 
2.4 U 
2.4 U 
2.4 U 
2.4 UJ 
4.7 .UJ 
4.7 u 

0*74 3 
4.7 u 
2.4 U 
4.7 u 
4.7 u 
4.7 u 
4.7 u 
4.7 u 
2.4 UJ 
2.4 U 
24 u 

06 SS iSI 

450 J 
7u 

14 UJ 
7u 
7u 

27 
7u 
7u 
7u 

2.4 U 
* 

2.4 U 
2.4 UJ 
2.4 U 
2.4 UJ 
2.4 U 
4.7 u 

0.68 1 
1.7 J 

0.064 NJ 
2.4 UJ 

033 J 
4.7 tl 
4.7 u 
4.7 u 
4.7 u 
2.4 UJ 
2.4 U 
2s UJ 

Qualm: 
J - estimated vpluc 
NJ - prcsu~ptivc evidence for the presence of the paramctcr al en cstimatcd value 
U -not detected 
UJ l reported q&titetlon limit Is estimated 
v - wnccnlrntion qxcccds calihmtion range of OC/MS instrument 

06 SS ISZDUP 
(06 SS 151) 

UglKg 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.5 u 
2,s u 

0.43 NJ 
2.5 u 
2,s u 
2.5 u 
4.8 U 
4.t u 

0.22 NJ 
0.44 J 
2.5 u 
4.8 u 
4.8 U 

0.31 J 
4.8 u 
4.8 u 
25 u 
2.5 u. 
22 u 



TABLE 3-2 
SUMMARY ANALYTICAL RESULTS FROM SUPPLEMENTAL INVESTIGATION 
SWMU 2 - LANGLEY DISPOSAL AREA 

SAMPtE ID 06 SS 149 

UNlTS WfQ 

SEMlVOLATILES 
AllthfWClle 

Benzo(a)anthracene 
Bmto(a)pyrene 
Benzo(l~)fluorantbcne 

B~+h,Opnylae , 
Benzo(k)fluorantk~ 
Bis(2&ylhexyl)phthalate 
Carbezole 
Chrysene 
Di-n-butylphtbalate 
Dibenzo&h)anthmcene 
Pluorantbene 
Indeno(l,2,3<d)pywne 
Phenanthrcoe ’ 

fWf= 

Qualifiers: 

1500 u 
1500 u* 
1500 u 
1500 u 
1500 u 
1500 u 
1500 u 
1500 u 
1500 u 
1soo u 
1500 u 

1soo u 
1500 u 
1500 u 
lJO0 u 

06 SS 148 06 SS 149DUP 

(06 SS 148) 

Udb 

1600 U 1600 U 
1600 U 1600 U 
1600 U 1600 U 
1600 U 1600 U 
1600 U 1600 U 
1600 U 1600 U 
1600 U 1606 U 
1600 U 1600 U 
t600 U 1600 tJ 
1600 U 1600 U 
1600 U 1600 U 
1600 U 1600 U 
1600 U 1600 U 
1600 U 1600 U 
1600 U 1600 U 

06 SS 130 

W&t 

2700 u 
2700 U 
2700 u 
2700 U 
2700 U 
2700 U 
2700 U 
2700 u 
2700 U 
2700 U 
2700 U 
2700 U 
2700 U 
2700 U 
2700 U 

06 SS 151 

1800 U 
1800 U 
1800 U 
1800 U 
1800 U 
1800 U 
3300 
1800 U 
1800 U 
1800 U 
1800 U 
1800 U 
1800 U 
1800 U 
1800 U 

f  -estimated valua 
NJ l presumptive evidence for the presence of the parameter al an estimated value 
‘U l not detected 
UJ l reported quantitation limit is estimated 

B l coneentfatlon exceeds calibmtIon range of ClC!MS tu(ntment 

R -result Is rejected and unusable 

06 SS 152DUP 
(06 SS 151) 

wm 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 



'TABLE 3-2 
SUMMARY ANALYTICAL RESULTS FROM SUPPLEMENTAL INVESTIGATION 
SWMU 2 - LANGLEY DISPOSAL AREA 

SAMPLE ID 06 SS 153 

UNITS W&3 
VOLATILES 
Acetone 220 J 
Benzene 7u 
Butanone,2- 13 UJ 
Carbon disulftdc 7u 
Ethyknzene 7u 
Methylem chloride 32 
Tolucne 7u 
Xylme, 0. 7U 
Xylems, m-, p 7U 
PlXTICIDESIPCBs 
Awn 0.27 J 

-. 
BHC,alpha- 2.1 u 
BHC,bcta. 2.1 u 
BHC,deka- 2.1 u 
BHC,gamma- 2.1 .u 
Chlordanc,alpha- 2.1 u 
DDD,4,4. 4u 
DDE,4,4- 4u 
DDT,4,4- 4u 
Die&in 4u 
Endosullin f  2.1 u 
Endosulfi 11 4u 
Endosullbn sulfate 4u 
En&in 4u 
Endrin aldehydc 4u 
Endrin ketone 4u 
Hcptachlor 2.1 UJ 

I 
Hcp!achlor epoxido 2.1 u 
ine&oxychior 21 u 

I 

06 SS 154 

WG? 

3?0 EJ 
1 J 

13 J 
R 

2s 
390 EJ 

18 J 
3 J 

5 J 

2.1 u 
2.1 u 
2.1 u 
2.1 u 
2.1 u 
1.5 NJ 
4.1 u 
4.1 u 
4,l UJ 
4.1 u 
2.1 u 
4.1 u 
4.1 u 
1.6 J 
4.1 u 
4.1 u 
2.1 UJ 

0.35 J 
21 u 

06 SS 15X! 
Background 

WI! 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2 u 
2..2 u 
2.2 u 
2.2 u 
2.2 u 
2.2 UJ 
4.3 u 
43 u 

0.92 U 
* . 4.3 u 

23 UJ 
4.3 UJ 
4.3 u 

. 9.11 J 
4.3 u 
4.3 u 
2.2 UJ 

0.13 NJ 
22 u 

06 SS 155D 
Background 

ulm 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2 u 
2.2 u 
2.2 u 
2.2 u 
23 u 
2.2 u 
4.2 U 
4.2 U 
4.2 U 
4.2 U 
2.2 u 
4.2 U 
4.2 U 
4.2 U 

. 4.2 U 
4.2 U 
2.2 UJ 
2.2 u I 
22 u 

QualiBm: 
J l estimated value 
NJ - presumptive evidence kr the presence oftha paran& at an estimated value 
U -not detected 
UJ - reported quanlilallon limfl 1s estimated 
F . rrnre4.4.w rvr.r.(. r.l:hr-&n “*-II rcrlfmm ?-a-..-.,r 

06 SS 1SSB 
Background 

uda 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1s u 
1.9 u 
1.9 u 
1.9 u 
1.9 u 
1.9 UJ 
3.7 u 
0.8 J 

6.82 J 
3.7 u 
1.9 u 
3.7 u 
3.7 u 
3.7 u 
3.7 u 
3.7 u 
1.9 UJ 
1.9 u 
19 u 



.__-_ 

TABLE 3-2 
SUMMARY ANALYTICAL RESULTS FROM SUPPLEMENTAL INVESTIGATION 
SWMU 2 - LANGLEY DISPOSAL AREA 

-- 

SAMPLE ID 06 SS 153 06 SS 154 I 

UNITS W-G3 W&3 

SEMlVOLATILES 
AdhIYlCCllG 

Bmzo(a)anthmcene 
BcIuo(a)pyrene 
Benzo@)tluoranthenc 
BCIKo(~h#i)p@CllC 
Benzo&)fluoranthme 
Bis(2~thylhexyl)phthalate 
calbaz01e 

’ chlyscno 
Di&utylphthdatts 
Dibcnzo(a,h)anUuacenc 
Fluomntbene 
bdeno(1,2,3-cd)p~~e 
Phcnanthrcne 

fW= 

1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 
1700 u 

1400 u 
1400 u 
1400 u 
1400 u 
1400 u 
1400 y 
630 J 

1400 u 
1400 v 
1400 u 
1400 u 
1400 u 
1400 u 
1400 u 
1400 u 

06 SS WC 
Background 

Udb 

NA 
NA 
NA 

‘NA 
NA 
NA 
NA 

‘- N+ 
NA 
NA 
NA 
NA 

’ * NA 
NA 
NA 

06 SS 1SSD 
Background 

UN%! 

NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

06 SS 15W 
Background 

Ug/KS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Qualifim: 
J -estimated value 
NJ - presumptivo evi&~~co for the presence of the parameter at an estimated value 
U -not de&ted 
UJ - rcporlcd quanti@tion limit Is cstlmated 
E l concentration exceeds calibration range ofC3CYMS itiment 
R - nsutl is rejected and unusable 



TM -3, )3 
SUyMARY ANAL’TnCAL RESULTS FROM SUPPLEMENTAL lNVE6TlGTATlON 
S’.4b/lU iii - BUILDINGS 31 AND 2022 

I  

SAMPLE ID 

UNITS 

VOLATILES 
Carbon diaufidc 
Methylme chloride 
Tolw~e 
Xylem, m-, p 

PESTIC!IDES\PCBs 
BHC,beta- 

.4_ DDE,4,4- 
DDT,4,4- 

.EndosulCm ntlfale 
Melhoxychlor 

SEMIVOLATILW 
Acmaphthmc 
AnIhracmc 
Bmza(a)~thracme 
f3efW9Prne 
Bmzo@)fluoranlhmc 
Bmzo(g,h,i)perylme 
Bis(2-chloroisopropyI)cUw 
Bi~(2~lhyll~cxyl)pliU~nlntc 
ChrysCllC 
Dibmzo(a,h)anlhracme 
Fluoranlhme 
lndmo(l,2,3-cd)pyrmc 
Phmanthrmc 
WflC 

10 SS 156 

21 u 
27 U 
6U 
6U 

0.24 UJ 
0.46 UJ 
0.46 UJ 
0.46 UJ 
2.4 UJ 

1500 u 
1500 u 
1500 u 
1500 u 
1500 u 
IS00 u 
1500 u 
310 J 

11100 u 
1soo u 
1500 u 
1500 u 
IS00 u 
1500 u 

Qualifiers: 

1500 u 
IS00 u 
1500 u 
1500 u 
lSO0 u 
1500 u 
1soo u 
1500 u 
1500 u 
1soo u 
1soo u 
IS00 u 
1500 u 
IS00 u 

84 J 
110 J 
510 J 
310 J 
620 J 
150 J 
450 J 
2SO J 
800 J 

1400 u 
970 J 
270 J 
490 J 
730 J 

10 iS 158DUP 
(10 SS 156) 

WQ 

15 u 
32 U 
6U 
6U 

0.24 UJ 
0.47 UJ 
0.47 UJ 
0.47 UJ 
2.4 UJ. 

10 ss 159 

7u 
29 u 
SU 
SU 

0.23 UJ 
0.45 UJ 
0.45 01 
0.54 J 
2.3 UJ 

J-estimated value 
NA- not tialwd 
R - rejected value 
U -not detected 

10 SS 161 

ulm 

7J 
120 u 

6 UJ 
6 UJ 

0.24 UJ 
3.f J 
2.4 J 

0.46 UJ 
1.S UJ 

IWO u 
IS00 0 
460 J 
260 J 
790 J 
200 J 

1500 u 
160 J 
500 J 
160 J 

1100 J 
340 J 
470 J 
750 J 

UJ - reported quantitation limit is estimated 

10 SS 163 

wm3 

39 J 
9i J 
3 J 
21 

0.22 UJ 
0.43 UJ 
0.43 UJ 
0.43 UJ 
2.2 UJ 

1300 u 
1300 u 
360 3 
350 J 
830 J 

1300 Ul 
,550 J 
130 J 
370 J 

1300 us 
530 J 

1300 UJ 
310 J 
810 J 

10 SS 16X 
Background 

UltlKg 

NA 
NA 
NA 
NA 

0.29 UJ 
O.S6 UJ 
OJ6 UJ 
0.56 UJ 
2.9 UJ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 ss 16SD 
Background 

w&3 

NA 
NA 
NA 
NA 

0.7 J 
29 J 
1.8 J 

0.52 UJ 
3.8 J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

loss 16SE 
Background 

UglKl? 

NA 
NA 
NA 
‘NA 

0.30 UJ 
0.93 J 
0.57 UJ 
0.57 UJ 
0.59 UJ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA ’ 
NA 
NA 
NA 
NA 
NA 
NA 



TABLE 4-1 

SWMUs COMPRISING OPERABLE UNIT 1 

I SWMU I Name I 

I 6 I Building 145 -1 

10 Substation 2LBuilding 90 

12 Fire Training Pit Oil/Water Separator 

13 Old Pest Control Shop/Building 258 

14 Fire Training Pit Area 

I 23 I Oil Spill Separator Tanks -1 
I Oil Spill Oil/Water Separator and Adjoining Pad 1 

25 

26 

30 

31 

32 

DRMO Storage Yard 

Building 544 Area 

Former Incinerator Area 

Waste Oil Collection Area/Buildings 3 1 and 2022 

PWD Storage Yard/Battery Collection Area/ 
Building 3 1 

37 Waste Oil Storage Area/Building 200 

39 Building 3 158 - Former Battery Drain Area 

I Pole Storage Yard Covered Pad 

51 New AIMD Storage Pad/Building 379 

55 Area of Concern C 
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LEGEND 

@ SWMU AND/OR AOC 

NRCE: LANTDIV, FEE. 1992 

Baker Environmentab I 
2500 0 1250 2500 50m 

kmz- 
1 inch = 2500ft. 

FIGURE 3-1 
SWMU/AOC LOCATION MAP 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 

I 
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LEGEND 

EXISTING MONITORING WELL LOCATION 
160 0 160 320 

1 inch = 160 ft. 
A SURFACE ELEVATION CONTOUR f’” 1 

I 

FlGURE 3-2 
CURRENT CONDITIONS 

RFI - SWMU 1 
ARMY CREMATOR DISPOSAL SITE 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO - 



I NAVAL STATION ROOSEVELT ROADS 
PlJERTO RlCO 



i 
FORRESTAL 

ELEVATION 109.52 
TOP CASING 112.4; 

MONITORING WELL 
ELNATION 109.05 
TOP CASING 11 1.60 

LANDFILL 

\ 

7GW02 I1 
MONITOR IN^; WELL ,‘I 

’ ELEVATION 102.81 I 
TOP CASING 104.QP / 

z 
BU 
DEI I 

I 7GW03 LANDFILL 
! ‘MONITORING WELL 

ELEVATION 106.27 i TOP CASINO 107.81 TREl 
WITt 
DEB 

. I  
I 

MONITORING 
ELEVATION 1 
TOP CASING 

PUERCA 
BAY 

* .  
, I  
. J  

\ 

\ 

4: 
0:’ 05’ 

MONITORING WELL &:’ 
ELEVATION 1 13.78 7Gw050 
TOP CASING 116.05 s0 

/” 
0,” 

0:’ 
//” ,100- . ’ 

APPROXIMATE 
EDGE OF WATER 

7GW04 
‘e MONITORING WELL 

: ELEVATION 1 1 0 2 9  
I 

4 
\ 

/;‘ 

\ 
// 

It 

\ 

1 

I 
I 

I 

I 
J 
I 

400 200 
I 

0 

t23032WP 1 inch = 400 ft .  Baker Environmental, h 

LEGEND 
FIGURE 3-4 

CURRENT CONDITIONS 
8 EXISTING MONITORING WELL LOCATION 

7GW01 

RFI SWMU 3 
BASE LANDFILL 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 



112 

- 
Baker Envkomsntalb 

1 inch = 100 it 
SCALE IS APPROXIMATE 

LEGEND w STATION STRUCTURE FIGURE 3-5 
CURRENT CONDITIONS -WA - - WATERLINE 

RFI - AOC B AND SWMU 6 

- 
Baker Envkomsntalb 

1 inch = 100 it 
SCALE IS APPROXIMATE 

LEGEND w STATION STRUCTURE FIGURE 3-5 
CURRENT CONDITIONS 

BUILDING 25 STORAGE AREA 

-WA - - WATERLINE 
RFI - AOC B AND SWMU 6 

I BUILDING 25 STORAGE AREA 

NJRCE: STATION PUBLIC WORKS BASE MAP, FEB. 1992 
WRCE: BAKER ENVIRONMENTAL GPS SURVEY. NOV. 1992 I NAVAL STATION RO0SEVEL.T ROADS ’ 

PUERTO RlCO 



LEG.END FIGURE 3-6 0 - APPROXIMATE LOCATION OF KNOWN DISPOSAL PIT CURRENT CONDITIONS 
SWMUs 7 AND 8 TOW WAY FUEL FARM 

AOC D 
NAVAL STATION ROOSEVELT ROADS 

23028WP SOURCE: UNTDIV, FEE. 1992 PUERTO RlCO 



AREA A (TANKS 212 - 213) 

7 MONITORING WELL 13GW02 
ELEVATION 1 14,76 
TOP CASING 11 7.38 

DISPOSAL PIT 

ING WELL 13GW01 

m 
LOCATIONS OF STORAGE TANKS ARE 
APPROXIMATED. 

i\ \? 

-- LEGEND 
3GW01 EXISTING MONITORING WELL LOCATION 

'0 APPROXIMATE LOCATION OF DISPOSAL PIT 

8 
j+5' SURFACE ELEVATION CONTOUR 

FIGURE 3-7 
CURRENT CONDITIONS 

RFI - SWMU 9, AREAS A AND B 
TANKS 212 - 215 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 



7 MONITORING WELL 

MONITORING 
ELEVATtON 1 
TOP CASING 

ELEVATION 1 14.00 

MONITORING WELL 1 3 ~ ~ 0 8  e i 
(APPROXIMATE LOCATION) 

i 
MONITORING WELL 

I 

DISPOSAL PIT 1 

1 inch = a0 it. 23029WP 

LOCATIONS OF STORAGE TANKS ARE 
APPROXI MATE. 

Em 
13GW07 
8 EXISTING MONITORING WELL LOCATION 

c> APPROXIMATE LOCATION OF DISPOSAL PIT 

SOURCE: BAKER ENVIRONMENTAL, INC., MAY 1994 

FIGURE 3-8 

RFI - SWMU 9, AREA C 
TANKS 216 - 217 

CURRENT CONDITIONS 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 
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BUS STOP 

\ 
+ ----- ---- \ L -  
\ - -155 

/- - __ - 120 1 --I& m 2_ / 

-- \ \  

120 d 
\ 

\ --- - - - - --- - 1 1 5  / ---. 
/ - \ 

BLDG. 
L- NO. 90 

113 

ELECTRIC SUBSTATION NO. 2 
WITH GRAVEL BASE 1 

VALLEY FORGE ROAD 

LEGEND 

-- 120 - CONTOUR LINE WITH ELEVATION 

I - BUILDING OR STRUCTURE 

FIGURE 3-9 
CURRENT CONDITIONS 

RFI-SWMU 10 SUBSTATION 2/BUILDING 90 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 



ROUSEVELT ROADS 
LAND F It. L 

0 7 6 W O  

i 

=lo8 54 \ o  MANHOLE LOCATION (WITH ELEVATION) 

-I-.o- CHAIN LINK FENCE @ SANITARY SEWER MANHOLE 

ELECTRIC POLE 6 FIRE HYDRANT 

8 ELECT. POLE WITH TRANSFORMER A CONTROL STATION 
$ ELECTRIC POLE (CONC.) 

8 TELEPHONE POLE 

' SIGN 

GRAVEL - - 

A U U l l  = IUU 1L Baker Environmentsl,ha 

FIGURE 3-10 
CURRENT CONDITIONS 
RFI-SWMU 30, 11/45 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 



4- I I 

221036WP 1 i i  

-- LEGEND 
~ 1 4 5 ~  SURFACE ELEVATION CONTOUR - SURFACE WATER DRAINAGE DIRECTION 

FIGURE 3-1 1 
CURRENT CONDITIONS 

RFI - SWMU 12-FIRE TRAINING PIT OIL/WATER 
SEPARATOR AND SWMU 14-FIRE TRAINING PIT AREA 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 



WELL [NO 
09.26 
1 12.26 

LEGEND 
8GW03 

CC - DRAINAGE DITCH/SURFACE DRAINAGE FLOW DIRECTION 

0 EXISTING MONITORING WELL LOCATION 

NUMBER] 

FIGURE 3-12 
CURRENT CONDITIONS 

RFI - SWMU 13 
PEST CONTROL SHOP AND SURROUNDING AREAS 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 

MONITORING 
ELEVATION 1 
TOP CASING 



Baker Envlronmental,ha 223058wP 1 inch = 30 f t .  

I FIGURE 3-13 -- LEGEND 
@ EXISTING MONITORING WELL LOCATION 

rl  08' SURFACE ELEVATION CONTOUR 

CURRENT CONDITIONS 
RFI - SWMU 23-OIL SPILL SEPARATOR TANKS 

SWMU 24-OIL  SPILL OIL/WATER SEPARATOR 
AND ADJOINING PAD 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 
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H EAVY 

VEG ETATlO N 

LEGEND 
~ 1 3 0 ~  SURFACE ELEVATION CONTOUR mm 1 inch = 60 fL 

FIGURE 3-14 
CURRENT CONDITIONS 

RFI - SWMU 25 
DRMO STORAGE AREA 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 





BUILDING #Sl 

PUBLIC WORKS DEPARTMENT 

mm 1 inch = 60 ft. 



.. .. .~ .  . , ..... ,. ...... ... ... . . . ... . . , . 

BUILDING 200 

/115-/ SURFACE ELEVATION CONTOUR 

T r n  
1 inch = 100 ft, 

FIGURE 3-17 
CURRENT CONDITIONS 

RFI - SWMU 37 
WASTE OIL STORAGE AREA/BLDG. 200 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 
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i" 

BUILDING 

31 88 

223043 

CONCRETE 

PAVED 

AREA 

r 1 1 1 '  SURFACE ELEVATION CONTOUR FIGURE 3-18 

RFI - SWMU 39 
CURRENT CONDITIONS 

FORMER BATTERY DRAIN AREA/BLDG. 31 58 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 

1 inch = 60 fL 



PAD 

1) 
m m  

60 0 30 60 

Baker Environmental, ha 1 inch = 60 ft. 
-- LEGEND I 

I 15) SURFACE ELEVATION CONTOUR FIGURE 3-19 
CURRENT CONDITIONS 

PAD AND AOC C-TRANSFORMER STORAGE PAD 
RFI - SWMU 46-POLE STORAGE YARD COVERED I 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 



BUILDING 826 A 

BUILDING 826 B 

- - DRAINAGE SWALE 

0 20 40 80 40 

1 inch = 40 ft. 

\ 

\ \ \\ 

\ 
FIGURE 3-20 

CURRENT CONDITIONS 
RFI - SWMU 51 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RlCO 



1 inch = ZOOOft. BekwElwkommnt&m 
LEGEND 

- SMWU/AOC 
FIGURE 3-21 

CURRENT CONDITtONS 
AOC D ENSENADA HONDA 

SOURCE: LANTDIV. FEB. 1992 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 
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Figure ‘4-l 
Project Schedule 

Operable Units 1 and 2 - NSRR 

11995 I1996 1 1997 11998 I1999 1 201 

l-ask Duration Stilt Finish 
Work Plans 204d I l/30/94 

Drall I 18ed 1 l/30/94 

Meeting with EPA Oed 8/l 5195 

Review 91ed 411195 

Final 73ed 7/l/95 

Sub Procurement / Mobilization 61ed 1 l/15/95 

Field Investigation 91ed l/l 5196 

Laboratory Analysis 61ed 4/l 5196 

Validation 61ed 6115196 

Data Summary & Recommendations 31ed 8/l 5196 

Work Plan Addendum 30ed 9/15/96 10/15/96 1 i / I 

Review 61ed 10/15/96 12/15/96 

Final 15ed 12/15/96 12/30/96 

Mobilization 31ed 12/30/96 

Field - SWhJUS Upgraded to Full RR 29ed l/30/97 

Laboratory Analysis 28ed 2128197 

Validation 31ed 3128197 

RFI Report 261d 4128197 

Preliminary Draft 91ed 4/28/97 

Review 62ed 7128197 9128197 

Draft 30ed g/28/97 10128197 

’ Review 61ed 10/28/97 12128197 

(1) Determined by Scope of Remedial Measures (2) To be started at end of Remediation 



Figure 4-l 
Project Schedule 

Operable Units 1 and 2 - NSRR 

Review 

Final 

:MS Report 

Preliminary Drafl 

Review 

Draft 

Review 

Draft Final 

Review 

Final 

Review 

Final 

mplemeutation (1) 

(1) Determined by Scope of Remedial Mea**% (2) To be started at end of Remediation 

! 
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Figure L 4-2 
Project Schedule 

Operable Units 3 and 5 - NSRR 

l-ask 
Work Plans 

Drall 

Meeting with EPA 

Review 

Final 

Sub Procurement! Mobilization 

Field Investigation 

Laboratov Analysis 

Validation 

RF1 Report 

Preliminary Dratl 

Review 

Drafl 

Review 

Drafl Final 

Review 

Final 

I luration Start -I--- 204d I l/30/94 

122ed I l/30/94 

Oed 8lW95 

91ed 4/l/95 

73ed 711195 

61ed 6115197 

92ed 8/l 7197 

61ed 11117197 

59ed 1117198 

284d 3/l 7198 

122ed 3l17l98 

62ed 7117198 

30ed 9/17/98 

Finish 

9112195 

4/l/95 

8l15l95 

711195 

9112195 

8115197 

lll17l97 

l/17/98 

3/l 7198 

4117199 

7117198 

9117198 

10117/98 

12ll7l98 

Ill7199 

3/17/99 

4/17/99 

1 1995 11996 I1997 I1998 I1999 I2000 I20 

(1) Determined by Scope of Remedial Measures’ (2) To be started at end of Remediation 



Figure 1 4-2 
Project Schedule 

Operable Units 3 and 5 - NSRR 

Design Draft 

Review 

Final Desgin 

inplementation (1) 

‘etition (2) 

Duration Start 

280d 4117199 

122ed 4/l 7199 

61ed S/17/99 

31ed 10/17/99 

59ed 11/17/99 

31ed If1 5fOO 

60ed 2f15fOO 

30ed 

31ed 8l15lOO 

30ed 9/l 5100 

Od 10/15/00 

Od 10/l 5100 

Finish 
S/l s/o0 

8!17/99 

lOf17f99 

1 l/17/99 

If1 5fOO 

2/l 5100 

4/15/00 

5/l 5fOQ 

rask 
3MS Report 

Preliminm Draft 

Review 

Draft 

Review 

Draft Final 

Review 

Final 

ZMI 

I1995 ( 1996 I1997 I1998 1 1999 I2000 IZ( 

S/15/00 ’ 

9f15fOO 

10/15f00 

10/15/00 

10115100 
/I/ I / 

(1) Determined by Scope of Remedial Mewrres (2) To be started at end of Remediation 



fask 

Work Plans 

Draft 

Meeting with EPA 

Review 

Final 

Sub Procurement !  Mobilization 

Field Investigation 

Laboratory Analysis 

Validation 

RF1 Report 

Preliminary Draft 

Review 

Draft 

Review 

D&t Final 

Review 

Final 

Duration 

204d 

120ed 

Oed 

91ed 

73ed 

61ed 

92ed 

61ed 

61ed 

262d 

91ed 

61ed 

31ed 

61ed 

31ed 

61ed 

30ed 

start 
lll3Ol94 

1 l/30/94 

8/l 5195 

4/l/95 

711195 

3/15/99 

5/l 5199 

8115199 

10115/99 

12/15/99 

1205199 

3/15/00 

S/l 5/00 

6/15/00 
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1.0 INTRODUCTION 
,- 

This document presents the Data Collection Quality Assurance Plan (DCQAP) for Selected Solid 

Waste Management Units (SWMUs) and Areas of Concern (AOCs) at Naval Station Roosevelt 

Roads (NSRR), Ceiba, Puerto Rico. The SWMUs and AOCs evaluated are those that require 

investigation under the RCRA Corrective Action Permit. A complete list of these SWMUs/AOCs 

is presented in Table l- 1. 

This DCQAP has been prepared by Baker Environmental, Inc. (Baker) under the Naval Facilities 

Engineering Command (NAVFACENGCOM), Atlantic Division (LANTDIV) Contract Number 

62470-89-48 14, Contract Task Order 0223 (CTO-0223). 

Until 1993, environmental activities at NSRR, exclusive of underground storage tanks, were 

conducted in compliance with Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA) regulations under the Department of the Navy’s (DON’S) Installation 

Restoration (IR) Program. A Resource Conservation and Recovery Act (RCRA) Part B permit has 

been issued for the Defense Reutilization and Marketing Office (DRMO) at NSRR which included 

provisions for corrective action under the Hazardous and Solid Waste Amendments (HSWA) 

provisions of RCRA. Environmental Activities at NSRR, exclusive of underground storage tanks, 

are now being conducted under RCR4 guidelines based on this permit. 

This DCQAP is one of five project plans associated with the RFI. Other RF1 project plans include: 

0 Project Management Plan 

0 Data Management Plan 

0 Health and Safety Plan 

0 Community Relations Plan 

This DCQAP addresses the quality assurance and quality control steps that will be administered for 

the sample collection and analysis during the RFI. Detailed information regarding sample handling 

and analytical methods are provided in Sections 7.0 and 9.0, respectively. 
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This DCQAP addresses the sample collection and analyses which are to be a part of the RF1 at 

NSRR. The DCQAP has been developed for the Navy in accordance with the following guidance 

documents: 

0 “Interim Final RCRA Corrective Action Plan,” USEPA, EPA/530-SW-88-028, June 

1988 

0 “Interim Final RCRA Facility Investigation Guidance - Volume I,” USEPA, 

EPAl53O/SW-89-03 1, May 1989 

In order to provide adequate QA/QC for samples which are collected and analyzed, this investigation 

will require: 

1. Use of a NEESA-certified analytical laboratory. 

2. Use of accepted analytical methods for the samples collected. Where possible, 

analysis of samples will be performed using “Test Methods for Evaluating Solid 

Waste” USFPA, SW-846, November 1986. 

3. Field audit(s) during the initial sampling activities to verify that sampling is being 

performed according to the DCQAP. 

The structure of this DCQAP and the QA elements addressed are: 

Title page 

Table of Contents 

Introduction 

Permit Requirements for DCQAP 

SWMIJ/AOC Status 

Data Collection Strategy and Requirements 

Field Investigation 

Project Organization 
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Sample and Document Custody 

Calibration Procedures and Frequency 

Analytical Procedures 

Data Reduction, Validation, and Reporting 

Internal QC Checks 

Performance and System Audits 

Preventative Maintenance 

Data Measurement Assessment Procedure 

Corrective Action 

Quality Assurance Reporting Procedures 
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+--Y 
/ 2.0 PERMIT REQUIREMENTS FOR DATA COLLECTION QUALITY ASSURANCE 

PLAN 

The RCRA Corrective Action Permit (Module III, Appendix A, Section V) specifies the items to be 

included in the DCQAP. The DCQAP has been designed to satisfy these requirements; however, 

the order in which this DCQAP presents this material differs somewhat from the order in which this 

material is presented in the RCRA Corrective Action Permit (Module III, Appendix A, Section V). 

These differ due to the following: 

0 This DCQAP covers RF1 activities at a number of SWMWAOCs. The text of this 

DCQAP presents the required material on a site-by-site basis. 

0 The field investigation and sampling procedures included in this DCQAP are 

presented in a Standard Operating Procedure (SOP) format. SOPS are referenced 

in the text of this plan, but are presented separately in Appendix B. 

Table 2- 1 serves as a cross-reference between the material presented in this DCQAP and the material 

required by the Corrective Action Permit (Module III, Appendix A, Section V). Table 2-l is 

designed to allow the reader of this DCQAP to quickly retrieve selected information from .the text. 
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3.0 SWMU/AOC STATUS 

This section presents a summary of SWMWAOC status with respect to existing information. A 

detailed description of the previous investigations which generated this information is presented in 

Section 3.0 of the Project Management Plan. It also includes a discussion of media requiring 

corrective measures (if any) at each SWhKJ/AOC. 

3.1 First Phase RF1 SWMUs/AOCs 

There are a number of SWMUs/AOCs at NSRR that, according to the RCRA Corrective Action 

Permit, will require a first phase RFI. These SWMWAOCs are listed on Table 3-l. They were 

selected for first phase RF1 due to the limited information regarding possible releases at these sites. 

First phase R.FIs are limited to sampling and analysis of certain environmental media, primarily soil. 

The purpose of the first phase RF1 is to assess whether there have been releases from these 

SWMWAOCs. The first phase RF1 differs from a 111 RFI in the extent and degree of investigations 

required. Pending the results of the first phase RPI, a full RF1 may be required for the 

SWMWAOCs listed in Table 3-l. 

3.2 SWMU 1 - Armv Cremator DisDosal Site (JR Site 5) 

3.2.1 Site Status 

The RCRA Corrective Action Permit has identified this SWMU as requiring a full RF1 including 

soil, groundwater, and surface water/sediment samples. Soil and groundwater samples were 

collected from this SWMU during the Supplemental Investigation. The sample analytical results 

indicate the following: 

Groundwater 

Volatile organic compounds (VOCs) were not detected. Semivolatile organic compounds (SVOCs) 

data do not indicate significantly high concentrations. Pesticides were found as a trace concentration 

of heptachlor. Inorganic compounds of the Target Analyte List (TAL) in the dissolved fraction (the 
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part of the sample relevant to groundwater transport and to consumption of groundwater) are in the _ 

range expected to be seen in groundwaters occupying shoreline deposits developed from a 

ferromanganous, igneous rock. 

VOCs were found in trace to moderate concentrations (acetone, carbon disulfide and methylene 

chloride) in all samples from the disposal area; the highest concentrations (station 05SS104 with 

samples 05SS 133 and 05SS134) were found near the disposal trenches identified in the aerial 

photographs, by the geophysical survey and by inspection of the ground. Acetone, carbon disulfide 

and methylene chloride are common laboratory contaminants. SVOC data do not indicate 

significantly high concentrations. Pesticides were found in trace to high concentrations; the highest 

concentration (4,4’-DDT) was found at one station (OSSS 103 with samples 05SS 130 and 05SS 13 1) 

sited in a disposal trench. Inorganic cations of the TAL are in the range expected to be seen in 

unconsolidated material developed from a ferromanganous, igneous rock. 

3.2.2 Media Potentially Requiring Corrective Measures 

In accordance with the RCRA Corrective Action Permit (Module III, Section A.4, page 23) results 

of the Supplemental Investigation can be used to satisfy RF1 requirements for this SWMU. The 

results of these analyses indicate the following: 

0 A total of twenty-one soil samples were collected at this SWMU. Laboratory 

analytical results indicate that there is no risk to human health or the environment 

associated with this media. While this is the case, additional soil samples are 

required to provide information over a broader area and at depth. 

0 Groundwater at this SWMU has not been adequately characterized. One 

groundwater sample was collected. A trace level of heptachlor (0.00325 I&L) was 

_- 

the only organic contaminant detected in this sample. Additional groundwater 

samples will be required to fully characterize this media. 
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0 Surface water/sediment samples were collected during the Supplemental 

Investigation at nearby IR Site 14. Laboratory analytical results indicate that there 

is no risk to human health or the environment associated with this media. Samples 

will be obtained of the near shore sediments to verify the results of previous 

investigations. Additionally, surface waters will be sampled from the Disposal Site 

if found during the field investigations. 

3.3 . . . . 
Sm 2 - Lanple?r hve Dwosa1 Site CD Site 62 

33.1 Site Status 

The RCRA Corrective Action Permit has identified this SWMU as requiring a full RPI including 

soil, groundwater and surface water/sediment samples. Soil and groundwater samples were 

collected from this SWMU during the Supplemental Investigation. The sample analytical results 

indicate the following: 

VOCs were not detected. SVOC data do not indicate significantly high concentrations. 

Pesticides/PCBs were not found. Inorganic cations of the TAL in the dissolved fraction (the part 

of the sample relevant to groundwater transport and to consumption of groundwater) are in the range 

expected to be seen in groundwaters occupying shoreline deposits developed from a 

ferromanganous, igneous rock. 

VOCs were found as acetone, benzene, 2-butanone, ethylbenzene, methylene chloride, toluene and 

(o-,m-,p-)xylene in trace to moderate concentrations; the highest concentrations were found in 

samples 06SS142 from station 06SS101,06SS145 from station 06SS103,06SS147 from station 

06SS104,06SS150 and 06SS151 from station 06SS105, and 06SS153 and 06SS154 from station 

05SS 106 (stations 06SS101, 103 and 105 are off the front slope of the disposal face; stations 

06SS102, 104 and 106 are within the disposal area). SVOC data do not indicate significantly high 

concentrations. Pesticides were found randomly in trace to low concentrations. Inorganic cations 
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of the TAL are in the range expected to be seen in unconsolidated material in a coastal margin 

developed from a ferromanganous, igneous rock. 

3.3.2 Media Potentially Requiring Corrective Measures 

In accordance with the RCRA Corrective Action Permit (Module III, Section A.5, page 23) results 

of the Supplemental Investigation can be used to satisfy the RPI requirements for this SWMU. The 

results of these analyses indicate the following: 

0 A total of sixteen soil samples were collected at SWMU 2. Laboratory analytical 

results indicate that there is no unacceptable risk to human health or the 

environment associated with this media. While this is the case, additional samples 

will be obtained to further characterize the subsurface soils and provide broader site 

coverage. 

0 Groundwater at this SWMU has not been adequately characterized. One .- 
groundwater sample was collected. Although no contaminants were detected in this 

sample, additional groundwater samples will be required to fully characterize this 

media. 

0 Two sediment samples were collected along the Ensenada Honda Shoreline (IR 

Site 14) during the Supplemental Investigation. Laboratory analytical results 

indicate that there is no risk to human health or the environment associated with this 

media. Additional sediment samples will be obtained to confirm these findings. 

In addition, surface waters on the Disposal Site will be sampled if noted during the 

field investigation. 
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3.4 $WMU 3 - Base Landfi)l Site 7) 

3.4.1 Site Status 

The RCRA Corrective Action Permit has identified this SWMIJ as requiring a full RPI including 

soil, groundwater, and surface water/sediment samples. Groundwater samples were collected from 

this SWMU during the Supplemental Investigation. 

The sample analytical results indicate that trace VOC contamination (1,2-DCE at 7 ug&) was 

present in a groundwater sample collected from one monitoring well (7GWOS) at this SWMU. 

3.4.2 Media Potentially Requiring Corrective Measures 

In accordance with the RCRA Corrective Action Permit (Module III, Section A.5, page 23) results 

of the Supplemental Investigation can be used to satisfy the RPI requirements for this SWMU. The 

results of these analyses indicate the following: 

0 Groundwater at this SWMU will be sampled using the existing well network. 

0 Surface sediment at this SWMU has not been adequately characterized. During the 

Supplemental Investigation, one sediment sample was collected along the western 

boundary of the site in association with sampling activities at nearby Site 16. Trace 

levels of methoxychlor (0.39 J pg/kg) were detected in this sample. Ad.ditional 

surface sediment samples will be required to fully characterize this medial. 

0 Due to the constant motion of the surface water surrounding this SWMIJ (tides, 

waves) it is not expected that off-shore surface water sample analysis will provide 

usable data representative of SWMU conditions. Any surface water/sediments 

associated with on-site drainage features found during the field investigation will 

be sampled. 

l Surface soils will be assessed as part of the RPI. 
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a Subsurface materials will be assessed during the investigation. 

3.5 SWMU 6 - Buildin? 145 

3.5.1 Site Status 

The permit has identified this SWMU as requiring an RF1 for surface and subsurface soil. 

3.5.2 Media Potentially Requiring Corrective Measures 

Previous site visits have identified the storage of %-gallon drums, 5-gallon paint cans, and a number 

of other small containers. Conditions of these containers ranged from intact and neatly stacked to 

randomly placed and leaking. 

3.6 SWMXJ 7 - Tow Way Fuel Farm 

3.6.1 Site Status 

The permit has identified this SWMU as requiring an RF1 for soil and groundwater and, contingent 

upon the results, investigations may also be necessary for surface water and sediments. This SWMU 

addresses the overall fuel farm area - disposal pits associated with individual tanks comprise 

swMu 8. 

3.6.2 Media Potentially Requiring Corrective Measures 

The results of investigations conducted at this SWMU to date indicate the following: 

0 Soils at this SWMU have been subjected to intensive and repeated 

sampling efforts; however, additional samples are required to adequately 

characterize the soils. 
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0 Groundwater has been investigated using numerous monitoring wells. 

Presently groundwater is undergoing a remedial program. !lYhe need for 

additional wells is under review’. 

0 Sediments off-shore of the unit will be sampled as part of the investigatory 

program for AOC D. 

3.7 SWMU 8 - Tow Way Fuel Farm Disposal Pi& 

3.7.1 Site Status 

The need for an RF1 addressing soils and groundwater has been included in the permit. SWMU - 

8 only encompasses the disposal pits associated with cleaning operations for the individual tanks. 

To date, repeated attempts to locate the pits have failed. 

3.7.2 Medial Potentially Requiring Corrective Measures 

No investigations have been conducted specifically for the disposal pits although extensive 

investigations have been performed in the Tow Way area. Therefore, the following work: will be 

undertaken during the RFI: 

0 Geophysical investigations to potentially locate the disposal pit sites, 

0 Test pitting with sampling and laboratory analysis 

0 Groundwater has been investigated through previous (and ongoing) 

monitoring programs conducted under the purview of the Puerto Rican 

EQB UST regulations. Additional wells may be required. The need for 

more wells will be assessed in the workplan addendum for SWMLJs 7 and 

8. 

‘Note: A pr o p osal for investigation of this SWMU will be provided separatel,y as an 
addendum to this workplan. 
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3.8 SWMSJ 9 - Tanks 212-217 Disposal Pits (JR Site 13) 

3.8.1 Site Status 

The RCRA Corrective Action Permit has identified this SWhKJ as requiring an RF1 encompassing 

soils and groundwater, and contingent on the results, investigations may also be required for surface 

water and sediments. This SWMU specifically encompasses disposal pits associated with the USTs 

at IR Site 13 (not the USTs themselves). Some disposal pits have been located through contact with 

a long-term employee. Other pits may exist and will be the focus of this investigation. 

3.8.2 Media Potentially Requiring Corrective Measures 

The results of investigations conducted at this SWMU to date indicate the following: 

0 Soils at this SWh4U have not been adequately characterized. Soil samples will be 

obtained in known pit locations. A geophysical investigation will be required in an 

effort to determine the location of additional pits. If the pit locations are 

determined, soil samples will be required at these locations. 

0 Groundwater at this SWlvIU has not been adequately characterized. There are 

currently 12 monitoring wells throughout IR Site 13. Additional wells will be 

installed in the vicinity of the disposal pits. Groundwater samples will be collected. 

3.9 SWMU 10 - Buildin? 90 (IR Site 15) 

3.9.1 Site Status 

A RVFS has been conducted at this site (Versar, 1992). An Interim Remedial Action under the DON 

IR Program is currently underway at this SWh4U. In accordance with the Corrective Action Permit 

(Module III, Section E.4, page 35) RPI requirements (soil, surface water/sediment) are contingent 

on the results of the Interim Remedial Action. 
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The objective of the Interim Remediation Action is to remove all soils which exceed the established 

cleanup level of 10 ppm PCBs. The DON has forwarded to US EPA Region II the project 

specification dated 12 July 1993, project plans and work plans dated 15 May 1993, and the project 

QA/QC plan dated 2’7 December 1993. The project closeout report was provided in May 1995. The 

above referenced documents satisfy the RCRA Corrective Action Permit, Module III, Section B.6, 

page 26. 

3.9.2 Media Potedially Requiring Corrective Measures 

A series of HydroPunch TM boring will be advanced in order to collect groundwater !samples. 

Analyses to determine if PCB or other constituents have migrated into the water table. 

3.10 
. 

SWMIJ 11 - Buildinu 38 (IR ,Qte 16) 

3.10.1 Site Status 

A RI/l% has been conducted at this site (Versar, 1992). An Interim Remedial Action under .the DON 

IR Program has been completed for the soils at this SWMU. The Project Close-out Report was 

provided to the EPA in May 1995. In accordance with the RCRA Corrective Action Permit (Module 

III, Section E.4, page 35) RPI requirements for soil are contingent on the results of the Interim 

Remedial Action. The Interim Remedial Action is also designed to remediate soils at the iadjacent 

SWMU 45 (PCB Spill Area/Old Power Plant) also located at IR Site 16. 

The RCRA Corrective Action Permit has indicated that this SWMU will require an RFI 

encompassing groundwater and the surface water/sediment associated with the cooling-water tunnel. 

In addition, an RI?1 will be required for the soils associated with two USTs located on site. 

Historical base drawings indicate that there are two cooling water tunnels at this SWMU, one 

extending east and the other extending west from Building 38. The east tunnel has been located in 

the field. Surface water (and sediment) samples were collected from access ways along this tunnel 

during the RI/l% (Versar, 1992) and the Supplemental Investigation. 
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The west tunnel had not been located over its full length in the field despite a geophysical , “.. 

investigation being conducted at this SWMU (Baker, 1993) and additional intrusive investigations 

in 1995. However, the contractor performing a UST investigation at the former incinerator, located 

the tunnel on the west side (towards the landfill) of the fence surrounding the former incinerator. 

The geophysical report is included in Appendix C of this DCQAP. 

An Interim Remedial Action (IRA) under the DON IR Program is currently underway at this SWMU. 

The objective of the Interim Remedial Action is to remove all soils which exceed the established 

cleanup level of 10 ppm PCBs. The DON has forwarded to US EPA Region III the project 

specification dated 12 July 1993, project plans and work plans dated 15 May 1993, the project 

QA/QC plan dated 27 December 1993 and the Project Close-out Report in May 1995. The above 

referenced documents satisfy the RCRA Corrective Action Permit, Module III, Section B.6, page 26. 

3.10.2 Media Potentially Requiring Corrective Measures 

Results of investigations conducted at this SWMU, to date, indicate the following: 

0 Surface soil at this S?VMU has been adequately characterized. The soil sequence 

in this area is very thin (less than one foot). It overlies consolidated bedrock 

(limestone). This media was extensively sampled during RILFS activities (Versar, 

1992). An Interim Remedial Action is currently underway on soils at this SWMU. 

Potential releases from the USTs will be evaluated in association with the 

groundwater investigation. 

a Soil in the vicinity of the USTs has not been adequately characterized. Soil borings 

will be advanced in this area. 

0 Groundwater monitoring wells will be installed in the vicinity of the UST. 

l Hydropunch samples will be obtained from the site perimeter. 
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0 Surface sediment at this SWMIJ has not been adequately characterized. Additional 

samples within the underground cooling tunnels and at the outfall/intakes will be 

required. 

0 The Versar 1992 report also included the collection of wipe and concrete ship 

samples from the concrete surfaces of Building 38. A total of 33 wipe samples and 

six concrete chip samples were collected (see Figure 3-l). Based on the analytical 

results, approximately half of the wipe samples did not detect PCBs and only two 

samples exceed the 1,OO pg/m’ ARAR for outdoor high contact surfaces under 

TSCA for industrial areas and nonrestricted access areas. These locations included 

W-12 (1,300 ug/m”) and W-21 (1,300 I.&m”). Analytical results for the wipe and 

concrete chip samples are presented on Table 3-2. 

3.11 . . . . . SWMU 12 - Fire Trammy Pit OdIWater Seuarato r 

3.11.1 Site Status 

The permit has identified this SWMU as requiring an RF1 to include surface soils surrounding the 

separator. Visual observations indicated no structural problems, however, dead grass and oil stains 

were observed adjacent to the unit. Soil, surface water, sediments and groundwater samples were 

analyzed during the confirmation study. The sample results indicate the following: 

3.11.2 Media Potentially Requiring Corrective Measures 

Soil samples will be collected. 

3.12 . . . SWMSJ 13 - Bm1dl.p 258 - Former Pest Control Shop (IR Site 18) 

3.12.1 Site Status 

The RCRA Corrective Action Permit has identified this SWMU as requiring an RF1 encompassing 

soil and sediments in the adjoining drainage ditch and, contingent on the results, investigations may 
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be required for groundwater. Soil, surface water/sediment and groundwater samples were collected 

during the Supplemental Investigation. The sample analytical results indicate the following: 

Groundwater 

VOCs were present as trace concentrations of acetone, carbon disulfide and tetrachloroethene. 

SVOC data do not indicate significantly high concentrations. Pesticides/PCBs were not detected. 

Inorganic cations of the TAL in the dissolved fraction (the part of the sample relevant to 

groundwater transport and to consumption of groundwater) are in the range expected to be seen in 

groundwaters occupying unconsolidated colluvium developed from a ferromanganous, igneous rock. 

VOCs were found as trace to moderate concentrations of acetone and carbon disulfide; the highest 

concentrations were of acetone in samples 18SS 174 from station 18SS 102 and 18SS 177 from station 

18SS 103, both of which stations being on the downslope side of the foundation of Building 128. 

SVOC data do not indicate significantly high concentrations. Pesticides were found randomly in 

trace to high concentrations. Inorganic cations of the TAL are in the range expected to be seen in 

unconsolidated material in a coastal margin developed from a ferromanganous, igneous rock. 

Surface Water 

A sample of standing water was taken from the drainage ditch between Forrestal Drive and the 

foundation for Building 128. 

Only the VOC acetone in low concentration was detected. SVOC data do not indicate significantly 

high concentrations. Pesticides were found as trace concentrations of 4,4’ DDE and 4,4’-DDT. 

Inorganic cations of the TAL are in the range expected to be seen in rainwaters moving across and 

through unconsolidated, colluvial material in a coastal margin developed from a ferromanganous, 

igneous rock. 
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. s/Terrestrral 

A sample of the sediment at the surface water station was taken. VOCs were present as rnoderate 

to high concentrations of acetone and 2-butanone, and a moderate concentration of toluene. SVOC 

data do not indicate significantly high concentrations. Pesticides are present in trace to high 

concentrations, the highest being of 4,4’-DDD. 

3.12.2 Media Potentially Requiring Corrective Measures 

In accordance with the RCRA Corrective Action Permit (Module III, Section AS, page 23) results 

of the Supplemental Investigation can be used to satisfy the RF1 requirements for this SWMU. The 

results of these analyses indicate the following: 

0 Soil, groundwater, and surface water/sediment sampling results indicate that there 

is no threat to human health or the environment with these media; hlowever, 

confumatory samples will be obtained and a series of samples will be obtained to 

investigate an area of anomalously high arsenic concentration. 

3.13 fWMSJ 14 - Fire Train-n? Pit Area 1 

3.13.1 Site Status 

The RCRA Corrective Action Permit has indicated that this SWMU will require a first phase RPI. 

This SWMU comprises IR Site 17. Previous visual site inspections indicated staining of the metal 

structure, rocks, and concrete curbing. 

3.13.2 Media Potentially Requiring Corrective Measures 

0 A limited soil gas survey and surface soil sampling program will be conducted to 

address the SWMU. 
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3.14 SWMU 23 - Oil Spill Separator Tanks (Oil hill Control Are& 

3.14.1 Site Status 

The RCRA Corrective Action Permit has identified this SWMU as requiring a first phase RFI. The 

VSI team noted black staining on the concrete pad, curbing, and asphalt surrounding the SWMU. 

3.14.2 Media Potentially Requiring Corrective Measures 

Surface Soil samples will be collected to address conditions at this SWMU. 

3.15 SWMU 24 - Oil Water Separator (Oil Spill Control Area) 

3.15.1 Site Status 

This SWMU, adjacent to SWMU 23, also has been identified as requiring a first phase RFI. The 

VSI team did not observe any signs of release, however, minor staining was noted around the edge 

of the separator. 

3.15.2 Media Potentially Requiring Corrective Measures 

A single surface soil sample is to be collected at this SWMU. 

3.16 W MSJ 25 - DRMO Storage Yard (hldlsg 2009) S . . 

3.16.1 Site Status 

This unit is situated adjacent to the Ignitable Storage Facility (SWMU 18) and was reported to store 

hazardous materials. Evidence of past releases and soil staining were observed during the VIS. 

3.16.2 Media Potentially Requiring Corrective Measures 

A series of surface soil samples will be collected at this SWMU. 
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3.17 
. . 

SWMU 26 - Bu~khg 544 Area 

3.17.1 Site Status 

This unit comprises a number of 30-gallon drums stored behind Building 544 and has been identified 

as requiring a first phase RPI. Past inspections did not observe signs of a release. 

3.17.2 Media Potentially Requiring Corrective Measures 

A limited soil gas survey and boring program will conduced in order to address this SWMU. 

3.18 
. 

SWMSJ 30 - Former Incmerator Are8 

3.18.1 Site Status 

This unit is located adjacent to SWMU 11 (Building 45) and shall receive a first phase RFI. The unit 

includes the incinerator and recently removed USTs. Results of previous investigations indicate the 

following: 

0 Total petroleum hydrocarbons (TPH) were detected in soils and groundwater. An 

associated risk assessment indicated a very low risk. 

3.18.2 Media Potentially Requiring Corrective Measures 

0 Soil and groundwater have not been adequately characterized. Previous 

investigations assessed the unit for petroleum products. This RF1 will conduct a 

soils and groundwater investigation and analyze for full scan. 
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3.19 SWMU 31 - Waste Oil Collection Area/Buildiws 31 and 2022 

3.19.1 Site Status 

This SWMU is part of IR Site 10 and has been identified as requiring a first phase RFI. Previous 

investigations indicate the following: 

Groundwater 

Samples detected low levels of organic compounds and inorganics above primary drinking water 

standards. 

Samples detected trace amounts of VOCs. An associated risk assessment indicated no threat to 

human health and the environment. 

3.19.2 Media Potentially Requiring Corrective Measures 

0 Soil has not been adequately characterized. Additional surface soil samples 

focussed in the oil collection oven will be collected to confvm previous analytical 

results. 

3.20 $WMSJ 32 - Battery Collection Area (Buildin? 31) 

3.20.1 Site Status 

This SWMJJ is part of JR Site. 10 and has been identified as requiring a first phase RPI. Previous 

sample results indicate the following. 
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P-4 

Low concentrations of organic compounds were detected in the surface soils. An associated risk 

assessment indicated no risk with this media. 

Groundwated: 

Results detected low levels of organic compounds and metals above regulatory standards,. 

3.20.2 Media Potentially Requiring Corrective Measures 

0 Site soils have not been adequately characterized. Additional soils and sediment 

samples will be collected to confirm results of previous studies. 

3.21 SWMIJ 37 - Waste Oil Storarre Area - Buildiw 20Q 

3.21.1 Site Status 

The RCR4 Corrective Action Permit has identified this unit as requiring a first phase RFI. :Previous 

analytical data indicates the following. 

Elevated IeveIs of oil and grease were detected in a single sample collected form this SWMU. 
. 

Sediment 

Oil and grease was detected in sediment samples collected from the Unit. 

3.21.2 Media Potentially Requiring Corrective Measures 

l Additional surface soil samples will be collected to confirm previous analytical 



3.22 SWMU 39 - Former Battery Drain Area Buildiw 3158 

3.22.1 Site Status 

This unit also has been identified as requiring a first phase RF1 encompassing surface soils. 

Previous visual inspections did not indicate signs of a release from the storage of batteries. 

3.22.2 Media Potentially Requiring Corrective Measures 

A series of surface soil samples will be collected in order to address this unit. 

3.23 SWMIJ 45 - Soils Outside Building 38 (IR Site 161 

3.23.1 Site Status 

The RCRA Corrective Action Permit has-indicated that this SWMU will require a full R.N. This 

SWMI-J along with SWMU 11 comprise IR Site 16. An Interim Remedial Action, described in 

Section 3 -7.1, has been conducted at this site. The Interim Remedial Action is designed to include 

soils at SWMU 45. 

3.23.2 Media Potentially Requiring Corrective Measures 

Contingent on the results of the Interim Remedial Action. 

3.24 SWMU 46 - Pole Storape yard Covered Pad 

3.24.1 Site Status 

Previous Studies indicated this SWMU as being used as a Public Works Department hazardous 

waste storage area to store transformers and drums of PCB-contaminated materials. This unit has 

been identified as requiring a first phase RFI. A VSI team did not observe evidence of a release to 

the environment. 
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P-- 3.24.2 Media Potentially Requiring Corrective Measures 

A series of surface and subsurface soil and wipe samples (from the covered pad) will be collected 

to address this SWMU. 

3.25 $WMU 51- New AMID Storage Pad/Building 379 

3.25.1 Site Status 

This SWMU consists of a curbed concrete storage pad outside of Building 379 and has been 

identified to receive a first phase RN. Visual inspections of the unit indicated oil stains at two drain 

valves and from a 200-gallon tank. 

3.25.2 Media Potentially Requiring Corrective Measures 

A series of surface soil samples will be collected to address this unit. 

3.26 . AOC B Former Build@ 25 Site (Part of IR Site 10) m 

3.26.1 Site Status 

The RCRA Corrective Action Permit has identified this SWMU as requiring an RPI encompassing 

soil (both surrounding the Old Building 25 area and the soils underlying the remaining brick floor 

surface) and groundwater. Soil samples were collected from the perimeter of the former Building 25 

during the Supplemental Investigation. The sample analytical results indicate the following: 

,@- 

VOCs are largely absent; a trace concentration of carbon disulfide was detected in one sample, and 

trace concentrations of toluene and (m-,p-)xylene with low concentrations of carbon disulfide and 

methylene chloride were detected in another. SVOC data do not indicate significantly high 

concentrations. Pesticides were found randomly in trace to low concentrations. Inorganic cations 
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of the TAL are in the range expected to be seen in unconsolidated material developed from a 

ferromanganous, igneous rock. 

3.26.2 Media Potentially Requiring Corrective Measures 

Investigations conducted at this SWMU, to date, indicate the following: 

a Soils have not been adequately characterized. The RClU Corrective Action Permit 

specifies that soil samples from beneath the floor of the former Building 25 be 

collected. Samples from beneath the floor were not collected during the 

Supplemental Investigation. 

0 Groundwater has not been adequately characterized. No groundwater samples were 

collected from this area during the Supplemental Investigation (there are currently 

no monitoring wells in this area). Groundwater samples will be required. 

3.27 AOC C Transformer Storaue Pad 

3.27.1 Site Status 

This AOC is comprised of two raised concrete pads used to store transformers and is to receive a 

first phase RFI. Visual inspections of the unit identified areas of standing oil and releases through 

cracks in the concrete. 

3.27.2 Media Potentially Requiring Corrective Measures 

A series of surface soil and wipe samples will be collected to address this SWMIJ. 
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3.28 . AOC D EnsenahBonda SeW.w& 

3.28.1 Site Status 

Concerns regarding this AOC are related to the releases, to the sediments, from SWJMUs 1,2,3,7, 

and 8. Each of these units have been previously discussed. 

3.28.2 Media Potentially Requiring Corrective Measures 

Sediment samples will be collected along the sore line adjacent to the above SWMUs. 
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4.0 DATA COLLECTION STRATEGY AND REQUIREMENTS 

This section provides a description of the overall approach and strategy for collecting environmental 

samples and other data at the SWMWAOCs as well as the data collection requirements for each 

individual SWMUAOC. 

4.1 Data Collection Strategy 

4.1.1 Intended Uses of Data 

Environmental samples and other field measurements are being collected in order to provide a set 

of data that can be used to determine the nature, extent and rate of migration of hazardous 

constituents in selected environmental media at each SWMWAOC identified in the permit as 

requiring investigation. 

The data collected during the course of the site investigation will also be used for the following: 

a To monitor health and safety conditions during field activities. 

0 To characterize the wastes contained and/or managed. 

l To screen from further investigation those areas which do not pose a threat to 

human health or environment. 

0 To develop data for the evaluation of corrective measures. 

In accordance with the RCRA Corrective Action Permit (Module III, Section AS, Page 23) results 

of previous investigations will be incorporated into this data set in order to satisfy ,the RPI 

requirements. 
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4.1.2 Quality Assurance Program 

A Quality Assurance (QA) program will be established in order to assess the precision and accuracy 

of the data collected. The purpose of a QA Program is to establish policies for the implementation 

of regulatory requirements and to provide an internal means for control and review so that the work 

performed meets project requirements. Project QA objectives are: 

0 Scientific data will be of a quality sufficient to meet scientific scrutiny. 

0 Data will be gathered/developed in accordance with procedures appropriate for the 

intended use of the data. 

l Data will be of acceptable precision, accuracy, completeness, representativeness, 

and comparability as required by the project. 

The fundamental mechanisms that will be employed to achieve these quality goals can be 

categorized as prevention, assessment, and correction: - 

l Prevention of errors through planning, documented instructions and procedures, and 

careful selection and training of skilled, qualified personnel. 

l Assessment of all quality assurance sampling reports furnished by the laboratory. 

l Correction for prevention of reoccurrence of conditions adverse to quality. 

. . . 4.1.2.1 Data Ouahty Obtecttves 

Data quality objectives (DQOs) are qualitative or quantitative statements developed by the data users 

to specify the quality of data needed from a particular data collection activity to support a specific 

decision. The DQOs are expressed in terms of precision, accuracy, representativeness, 

completeness, and comparability. Definitions for these terms are given in Table 4- 1. 
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The Activity Coordinator, in conjunction with the Navy Technical Representative (NTR) is 

responsible for defining the DQOs. The intended use of the data, analytical measurements, and the 

availability of resources are integral in development of DQOs. DQOs define the level of uncertainty 

in the data that is acceptable for each specific activity during the investigation. This uncertainty 

includes both field sampling error and analytical instrument error. Ideally, zero uncertaiiity is the 

goal; however, the variables associated with sampling and analysis contribute to a degree of 

uncertainty in any data generated. It is an overall program objective to keep the total uncertainty 

within an acceptable range, so as not to hinder the intended use of the data. To achieve this 

objective, specific data quality requirements such as detection limits, criteria for accuracy and 

precision, sample representativeness, data comparability, and data completeness have been specified. 

The goals for precision, accuracy, and completeness for this project will be assessed using results 

from internal as well as field quality control samples. The following criteria will be used to evaluate 

the data: 

0 Accuracy and precision will be assessed through the use of spike (matrix and blank) 

recoveries. The data must satisfy the QC acceptance criteria given in the ianalytical 

methods. The specific performance objectives for each analytical parameter are 

shown in Tables 4-3 and 4-4. 

0 Precision will also be determined by the calculated relative percent difference 

between duplicate analyses. The duplicate analyses can be either spiked duplicate 

analyses or simply duplicate analyses of a sample. The precision goals are of less 

than 25 percent RPD for aqueous samples. However, for matrix spike/matrix spike 

duplicate analyses, the precision goals established for the EPA protocol:s must be 

met. 

l Completeness - the objectives for completeness are of 90 to 95 percent. 

4.1.2.2 Data Ouality Level 

The data quality level for this project is Level IV (or D), which is defined in Section 1.3.1 of 

“Sampling and Chemical Analysis Quality Assurance Requirements for the Navy Installation 
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Restoration Program” (NEESA 20.2-047B). Level IV (or D) permits the use of non-CLP methods 

but requires that the methods used must be EPA methods or be equivalent to EPA methods as 

presented in Tables 7.1 through 7.5 of the NEESA 20.2-047B document. The laboratory that will 

be contracted to conduct these analyses will be NEESA approved, i.e., the laboratory must 

successfully analyze a performance sample, undergo an on-site audit, correct any deficiency found 

during the audit, and provide Monthly Progress Reports to NEESA. 

,-. 

In Level IV (or D), a matrix spike and a matrix spike duplicate are required for volatiles, 

semivolatiles, and all gas chromatographic (GC) analysis for every 20 samples of similar matrix. 

For metals analysis, a duplicate and a matrix spike are required for every 20 samples of similar 

matrix. The analytical procedures to be used for this project along with the Practical Quantitation 

Limits are provided in Section 9.0 of this plan. 

All measurements will be made so that results are representative of the media and conditions being 

measured. All data will be calculated and reported in units consistent with the practice for reporting 

similar data to allow comparability of data bases among organizations. 

4.1.3 Environmental Media Selection 

The RCRA Corrective Action Permit specifies the environmental media (soil, groundwater, surface 

water/sediment) to be sampled at each SWMU/AOC. Air sampling is not required at any of the 

SWMUs/AOCs. 

Full RFIs may require sample collection from the soil, groundwater, and surface water/sediment. 

First phase RFIs require sample collection from the soil media (sample collection from the other 

media are contingent on the results of the soil sampling). Sampling of environmental media at some 

SWMUs is contingent on results of Interim Remedial Actions. 

In accordance with the RCRA Corrective Action Permit (Module III, Section A.4, Page 23) results 

of the Supplemental Investigation can be used to satisfy RF1 requirements at selected 

SWMUs/AOCs. In these cases, environmental media that have been adequately characterized are 

not resampled during the RFI. 
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4.1.4 Determining the Number of Sampling Points 

In order to determine the number of environmental samples to be collected at a given SWIvWAOC, 

the following factors must be evaluated: 

0 The media to be sampled 

0 The size of the SWMSJIAOC 

0 Existing information regarding SWMUAOC’s operational history 

0 visible evidence of contamination 

Soil samples will be collected in a judgmental (i.e., focused) manner or according to a grid system. 

In general, soil samples will be collected in a focused manner at the smaller SWMUs/AOC:s where 

operational history is well defined (e.g., an oil water separator) and/or there is visible evidence of 

contamination. 

,-. 
Soil sampling stations will be located according to a square grid system at the larger SWMIJs/AOCs 

where the location of potential contamination is not well defined. The grid sampling system was 

developed using the procedures outlined in Gilbert (1987). In determining the grid spacing, the 

following assumptions were made: 

0 The size of a potentially contaminated area (“hotspot”) is less than 20 feet in size. 

0 The hotspot is assumed to be circular. 

0 The power of the study is 80 percent. 

lOO-foot by lOO-foot sampling grid will locate any hot spot larger than According to this scenario, a 

18 feet. 

In some cases, the judgmental and systematic grid sampling techniques will be combined. This will 

be done at larger SWMWAOCs that have isolated areas where contamination is expected. 

;- 

Another consideration for soil sampling is whether or not samples should be collected from the 

subsurface. Surface soil samples (0 to 1 foot depth) will be collected from those SWMUs/AOCs 

where potential contaminants are expected to be limited to the shallow soil zone. Soil borings will 
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be advanced at those SWMWAOCs where contaminants are expected at depth (e.g., underground 

storage tanks). The soil borings will have standard split-spoon samples collected continuously from 

the ground surface to the boring termination. From each soil boring, a surface soil sample and two 

subsurface soil samples (from the interval immediately above the water table and from an interval 

displaying visual or instrumental [PID/FID] visible evidence of contamination or one which is 

representative of subsurface conditions) will be submitted for analytical testing. 

,_ 

Groundwater samples will be collected from existing or newly installed monitoring wells at selected 

SWMIJs/AOCs. Generally, a minimum of one upgradient monitoring well and three downgradient 

monitoring wells will be sampled. 

For larger SWMUs/AOCs, additional downgradient monitoring wells may be added. In some cases 

a monitoring well network will be shared by SWMWAOCs located in close proximity. 

Sediment samples will be collected from SWMUs 1, 2, 3, 1 l/45, 13, 25, and 32. At SWMU 3 

sediment samples will be collected in a grid system surrounding the landfill. The grid is designed 

to detect potential runoff from the landfill (locations may be moved based on field observations of 

leachate, etc.). At SWMUs 11 and 45, sediment samples will be collected in a focused manner. 

Samples will be collected from selected access points along the underground tunnels and at the 

intake and outfall. At SWMUs 1 and 2, sediment samples will be collected at equally spaced 

locations along the SWMU’s perimeter. 

4.1.5 Comparability of Data With Previous Investigations 

The Corrective Action Permit (Module III, Section A.4, Page 23) contains provisions for utilizing 

analytical results from previous investigations to satisfy RF1 requirements. The results of the 

Supplemental Investigation, conducted in 1992, will be used for this purpose. All data collected 

during the RF1 will be calculated and reported in units consistent with the reporting practice used 

in the Supplemental Investigation. This will allow for comparability and combination of the two 

databases. 

4-6 



4.2 . . 
Bata CollectIoW at S WMUdAOCs 

This section presents the data collection requirements for each SWMWAOC. The data collection 

requirements are based on the data collection strategy presented in Section 4.1. Sample collection 

and other field investigation procedures are described in Section 5.0 (Field Investigation and 

Sampling Procedures). 

The following discussion of the data collection requirements will include the following information 

for each SWMUIAOC: 

0 .Media to be sampled 

0 Number and location of samples 

0 Sample analysis 

0 Sampling rationale 

0 Sample types (composite vs. grab, etc.) 

0 Additional data to be measured (pH, temperature, etc.) 

Table 4-2 provides a summary of the sampling requirements and analytical methods for each 

SWMWAOC. Analytical parameters selected for each SWMU/AOC are based on the site’s 

operational history and existing environmental data generated during previous investigations. 

Samples will also be collected at selected SWMWAOCs for Corrective Measures Data analysis. 

The Corrective Measures Data analytical parameters selected for each SWMWAOC are based on 

the potentially applicable corrective measures technologies identified in the Pre-Investigation 

Corrective Measures Screening Evaluation Report (Baker, 1994). 

4.2.1 . . . fGWMU 1 - A~IU~ Cremtor Disposal Site (IR fhte 5) 

Four separate media will be investigated at this site: surface and subsurface soil; sediments and 

groundwater. The soil and sediment programs are designed to provide information which will 

confii the results of previous investigations (Supplemental Investigation) as well as provide data 

from areas of previous disposal. Taken together, these programs will provide adequate 

characterization of these media. The groundwater program will be more extensive to augment 

previous investigations and provide an adequate monitoring system. 
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A total of up to 15 surface soil samples, to be analyzed for the full Appendix IX list of parameters 

(including explosives and asbestos); will be collected. Five surface soil sample locations (shown 

on Figure 4-1) have been carefully selected to provide maximum characterization coverage. The 

locations are specifically either: 1) in areas where waste disposal took place; or 2) where previous 

sampling was performed. Surface soil samples will also to be collected from the two proposed 

monitoring wells located within the northeast portion of the SWMU. Additional surface soil 

samples will be collected from the proposed soil borings located along areas of previous disposal 

activities (west portion of SWMU). 

A total of 16 subsurface soil samples will be collected during field activities. Two subsurface 

samples will be obtained from each soil boring and groundwater monitoring well. One sample will 

be collected from the interval immediately above the water table. A second sample will be collected 

from a point between the ground surface and the sample collected above the water table. The sample 

interval to be analyzed will be determined based on visual observations of potential contamination, 

photoionization detector (PID) measurements, or representativeness of subsurface conditions. 

Both surface and subsurface soil samples will be analyzed for Appendix IX parameters as well as 

explosives and asbestos as presented on Table 4-2. 

Three sediment samples (0 to 6 inches) will be obtained from along Esenada Honda at the locations 

shown on Figure 4- 1. These samples are evenly spaced along the margin of the SWMU and are 

designed to confirm the results of samples collected during the supplemental investigation. In the 

event that the access to the proposed location is not possible, due to thickness of vegetation in 

Mangrove swamp, a sediment sample will be collected at the northeast corner of the SWMU near 

the road leading to the Coast Guard pier. Analysis of these samples will include Appendix IX 

parameters, explosives, asbestos, and total organic carbon (TOC). 

During field activities, the slopes of SWMU 1 will be inspected for evidence of leachate breakout 

and ponded water in surface drainageways. If leachate breakout and/or ponded surface water are 

observed, surface water and sediment samples will be collected. Provisions for three surface water 

and three sediment samples have been included into this work plan. Surface water and sediment 

samples will be analyzed for Appendix IX parameters, explosives, asbestos, and TOC. In addition, 

surface water samples will be analyzed for hardness. 
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There is an existing background monitoring well on site (5GWOl) and three downgradient wells 

which were not able to be located during the last field work. Up to four new monitoring wells will 

be installed as part of the RFI. Monitoring well locations are presented on Figure 4- 1. One round 

of groundwater samples will be collected from the monitoring wells. These samples will be 

analyzed for the parameters listed on Table 4-2. 

The proposed monitoring well network provides for one upgradient monitoring well (5GWOl) and 

four downgradient wells. The well adjacent to the Coast Guard Pier is designed to monitor any 

component of flow which may be exiting the site to Ensenada Honda northward as a result of radial 

flow off the topographic high. It is intended that the three existing downgradient wells will be 

located and refurbished if possible. If they cannot be located, or there is any question regardling their 

integrity, they will be replaced at approximately the same locations since they were installed in 

technically appropriate locations previously. These three wells will monitor groundwater exiting 

the site in what is expected to be the primary flow direction. The screened interval of each 

monitoring well will span the water table. Groundwater will be analyzed for Appendix IX 

parameters, explosives, and asbestos. 

Additional data will also be collected from the monitoring wells, including: 

0 PH 
0 Temperature 

0 Specific conductance 

0 Water level 

l In-situ hydraulic conductivity tests 

4.2.2 SWMU 2 - Langley Drive Disposal Site (IR Site 6) 

Sampling at this SWMU will include surface and subsurface soil, surface water and sediment, and 

groundwater. Soils and sediments have been extensively sampled during previous investigations 

and the RF1 program is designed to confirm the results of the earlier work (Supplemental 

Investigation). Combined, the various programs will adequately characterize soils and sediments. 

Groundwater has not been characterized in the past and therefore will be subjected to a more 

vigorous RFI. 
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A total of eight surface soil samples will be collected. Surface samples will be taken as the initial 

sample at the three new groundwater monitoring well locations. The remaining two (as shown on 

__ 

Figure 4-2) surface samples are located at the two soil borings within the actual disposal area. These 

samples will be analyzed for Appendix IX, explosives, and asbestos. 

Three sediment samples will be obtained at the locations shown on Figure 4-2. These samples, to 

be analyzed for Appendix IX, will augment previous results (Supplemental Investigation) and will 

characterize sediments from immediately off-shore from the SWMU. As discussed in the previous 

section, the fill slope at SWMU (Figure 4-2) will be visually inspected for evidence of leachate 

breakout and ponded water in surface drainageways. If leachate breakout and/or ponded surface 

water are observed, surface water and sediment samples will be collected. Up to a total of three 

surface water and three sediment samples will be obtained and analyzed for the parameters presented 

on Table 4-2. 

Three soil borings and three new monitoring wells will be installed as part of this RF1 (Figure 4-2). 

Two subsurface soil samples will be collected from each boring, as discussed in Section 4.2.1, for 

a total of 16 samples. All subsurface soil samples will be analyzed for the parameters presented on 

Table 4-2. 

The proposed monitoring well network provides for one upgradient background monitoring well 

(existing well 6GWOl), two downgradient monitoring wells, and one well through the center of the 

suspected waste disposal area. The screened interval of each monitoring well will span the water 

table. The monitoring well network is designed to provide groundwater characterization for the 

entire SWMU by assessing background groundwater quality as it enters the site and then comparing 

downgradient groundwater quality to see if quality was degraded during transit under the site. One 

round of groundwater samples will be collected from each well and analyzed for the parameters 

listed on Table 4-2. 

Additional data will also be collected from the monitoring wells, including: 

0 PH 
a Temperature 

0 Specific conductance 
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0 Water level 

l In-situ hydraulic conductivity tests 

4.2.3 SWMU 3 - Station Landfill 

The Station Landfill has been operating for quite some time and there are no known records of what, 

if any, development plan was employed. It is believed that the landfill was started by placing waste 

directly on low-lying areas and continuing the operation in succeeding lifts until the present 

topography has resulted. Considering the age of the landfill and the filling approach, it is assumed 

that waste is in direct contact with the groundwater due to settling of the waste into the soft 

sediments and the creation of mounded conditions within the fill present because of differing 

permeabilities in the filled material. Mantling the fill is a relatively thin veneer of soil which, in the 

active portion, is daily cover. 

The potential concerns at the landfill are: 

0 Surface and subsurface materials 

0 Surface water and sediment as it relates to drainage features on or exiting 

the landfill 

0 Leachate breakouts along the perimeter of the landfill 

a Groundwater, and 

0 Sediments off-shore from the landfill 

Geophysical Survey 

The confirmation study contained a map which indicated a “suspected area of Post Waste Disposal” 

and an area of “current” landfill operation. This area has been transferred to Figure 4-:3. In an 

attempt to confirm this geometry of landfilling, a conductivity survey will be conducted over the full 

extent of the area. Traverses will be made infrequently across the till to assess signature 

characteristics. Surveys will be concentrated on the perimeter of the landfill to attempt to establish 

the margin of waste deposition. A conceptual conductivity grid has been identified on Figure 4-3. 

/- Field conditions will be taken into consideration prior to finalizing the conductivity program. 
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Surface Soil Sampling 

The soils used at the site are not expected to vary widely in geologic or chemical composition and, 

therefore, a limited program of surface soil sampling is proposed. A total of up to 16 surface soil 

samples will be obtained during the RFI. The conceptual locations for the samples is shown in 

Figure 4-3. Comprising the 16 samples are 10 locations strictly identified for surface soil sampling 

along with the six soil boring locations where the first sample interval will be retained for analysis. 

In all cases, contact with waste at the site will be avoided. All surface samples will be subjected to 

full Appendix IX analysis along with explosives and asbestos. 

Subsurface Samolmg 

A total of six soil borings will be advanced throughout the landfill in approximately the locations 

shown on Figure 4-3. Boring locations will be finalized based on the results of the conductivity 

survey. Samples will be collected from 0 - 1 feet (surface soils discussed above), from just above 

the water table and from the natural material below the waste (if distinguishable). In addition, the 

sample exhibiting the highest PID/FID reading or visually the most contaminated will be retained 

(unless already included using the other criteria). This will result in up to 12 subsurface samples. 

Each sample will be analyzed for Appendix IX parameters, explosives and asbestos. 

I,andfill Surface Water and Sediment 

The initial task to be completed at the landfill will be to perform a walkover survey of the site to 

ascertain what, if any, drainage features are present. It should be realized that the intent of the 

landfill grading is to minimize drainage features and allow run-off to sheet flow radially. This 

survey will be done in conjunction with the conductivity work. 

Surface water samples will be for Appendix IX, explosives, asbestos, and hardness. Sediment 

samples will be analyzed for the same parameters except TOC will replace hardness. For planning 

purposes, a total of five sediment samples and five surface water samples has been assumed. 
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Leachate Breakouts 

The perimeter of the landfill will be inspected as part of the walkovers. As accessibility allows, the 

outer edge of the landfill will be walked with particular attention paid to seeps or leachate ‘breakouts. 

If any of these features are found, the water exiting the landfill and associated sediment will be 

sampled and subjected to Appendix IX explosives, asbestos, TOC (sediment) and hardness (water) 

analyses. For planning purposes, a total of five water and sediment samples has been assumed. 

Groundwater 

The eight existing wells will be sampled as a part of the RFI. Analysis for the Appendix IX 

parameters, explosives and asbestos will be performed (Table 4-2). This information will provide 

a point of comparison for previously collected data and a good foundation for future, regulatory 

required, sampling. 

Off-Shore Sediment Samnlmp; 

Off-shore surface sediment sampling locations are presented on Figure 4-3. A total of 17 grab 

samples will be collected from the 0 to 6 inch interval. Each sample will be analyzed for the 

parameters listed on Table 4-2. The sampling stations are spaced evenly along the shoreline at 

approximately 500 feet intervals. The distribution of these sampling stations is designed1 to detect 

contaminants which have accumulated in the sediments as a result of runoff or leachate Imigration 

from the landfill. If leachate, drainage ditches or other avenues of contaminant runoff are detected 

in the field, the sampling stations may be moved to focus offshore of these areas. Finally, to further 

enhance the sampling efforts, sampling of off-shore sediments will be done at low tide. 

4.2.4 SWMU 7 - Tow Way Fuel Farm 

The Tow Way Fuel Farm has been the subject of intense scrutiny for quite some time as ai result of 

regulatory requirements imposed under the Puerto Rican EQB UST Regulations. During tlhe course 

of investigations conducted at the site, the soils and groundwater have been thoroughly examined. 

The various reports containing the results of the investigations have been previously submitted to 

the EPA. The “Corrective Action Plan Tow Way Fuel Facility” (Blasland, Bouck and Lee, 
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September 1994) provides an excellent summary of site characterization to date. In addition, limited 

further investigations are planned to address concerns related to SWMU 8. 

Efforts are presently underway to transfer responsibility for SWMU 7 from the UST contractor to 

the RF1 contractor. All previous investigations will be reviewed to establish what additional efforts 

will be needed to fulfill the RF1 requirements. The results of this review with proposed additional 

investigations will be provided in an addendum to this workplan. 

The sediments in Ensenada Honda will be sampled following the general pattern shown on Figure 

4-4. A total of five sediment samples will be obtained with three samples equally spaced along the 

SWMU’s shoreline at a distance of approximately 50 from shore and two samples to be obtained 

from points approximately 200 feet offshore. The samples will be analyzed for Appendix IX 

parameters. This pattern and density of samples should provide a reasonable and defensible 

indication of whether the Tow Way Fuel Farm is negatively impacting the Honda sediment quality. 

4.2.5 SWMIJ 8 - Tow Way Fuel Farm Disposal Pits 

SWMU 8 addresses three recently discovered pits and an unknown number of other pits within the 

Tow Way Fuel Farm that were used for sludge disposal. Whenever fuel (especially heavier end 

fuels) tanks are cleaned out there is a certain amount of sludge present at the bottom. Pre-RCRA 

regulations, it was common industry practice to excavate a pit near tank access points for the 

disposal of the sludges. The Navy reportedly followed this technique at the Tow Way Fuel Farm. 

Repeated site inspections and a review of historical air photos has failed to provide an indication of 

the pit locations; however, recently a long-term employee identified three locations of pits. 

Figure 4-4 and 4-5 provides a general overview of the site. 

The initial investigatory step at this unit will be to conduct limited GPR survey in the areas around 

the tanks. Geophysical work will be done around all sides of the tanks. There is a very steep slope 

from Forrestal Drive upwards to the Building 53 substation (unfortunately, topography was not 

available for this submission). 
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A total of seven test pits will be excavated at locations based on results of the GPR to assess 

subsurface conditions (Figure 4-5). At each location up to as many as three subsurface samples will 

be collected. One sample will be collected of the disposed sludge and one soil sample will be 

collected at a point approximately two feet below the disposed sludge. A third subsurface sample 

will be collected just above the water table. At the three known disposal pits, a single soil boring 

will be advanced to the top of the water table. Subsurface samples will be collected at the same 

intervals as the test pits. It should be noted that the deepest subsurface sample (just above t.he water 

table) may not be collected if the water table is encountered a short distance below the intermediate 

sample (two feet below the pit). Each subsurface sample will be analyzed for total petroleum 

hydrocarbons only. 

Groundwater, by virtue of previously detected releases, is a media of concern for the RFI. As 

described for the soils program, a comprehensive groundwater monitoring system has been installed 

in the area of the Tow Way which is capable of providing continuing characterization of 

groundwater conditions. The monitoring program is shown on Figure 4-5. Wells on the site were 

sampled for VOCs and TPH which is adequate for purposes of the RF1 since only contamination 

from fuels is expected. Finally, there is presently in place and operating a groundwater treatment 

program which is actively recovering free product. 

This data and monitoring program is presently under review. An addendum to this workplan will 

be provided that will address any necessary additional investigations. 

4.2.6 SWlkfU 9 - Disposal Pits Associated with Tanks 212 - 217 

This SWMU is comprised of three areas: 

0 Area A (tanks 212 and 213) 

0 AreaB(tanks214and215) 

0 AreaC(tanks216and217) 

Three burial pits have recently been discovered through contact with a long-term employee. The 

pit locations are shown on Figures 4-6 and 4-7. 
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To locate other possible pits, a ground-penetrating radar survey will be conducted over and around 

the tanks. There are three purposes to conducting the surveys: 

0 To define the locations of the tanks and associated services. 

0 To locate, if possible, some or all of the disposal pits. 

0 Using these two items of information, to establish test pit and well locations that 

examine areas of disposal and avoid damaging the operating tank system. 

A five foot GPR grid will be established to a distance of 75 feet beyond the tanks at which point a 

lo-foot grid will be established to a point 150 feet away from the tanks. Initial results will be field 

interpreted and used to guide further investigations. 

Soil sampling locations are presented on Figure 4-6 for Areas A and B and on Figure 4-7 for Area C. 

At each tank pad (Areas A, B, and C) two surface soil samples (0 to’ 1 foot) will be collected for a 

total of six samples. Surface samples will be analyzed for VOCs, SVOCs, and RCRA metals. 

Surrounding each tank will be a series of three test pits excavated at locations based on the results 

of the geophysical survey. Two of these locations correspond to the known disposal pits at Tank 2 12 

and Tank 215 (Figure 4-6). One additional test pit will be excavated at the known disposal pit 

associated with Tanks 2 16 and 2 17 (Figure 4-7). Two subsurface soil samples will be collected from 

each test pit (for a total of 36 samples) and analyzed for the parameters presented on Table 4-2. One 

sample will be collected of the disposed sludge and a second sample from the soil underlying the 

sludge material (just above the water table). Each test pit will be excavated to an estimated depth 

of 12 to 14 feet unless groundwater or bedrock is encountered first. At a minimum, excavation will 

continue to a point at least two feet below the buried sludge. Should refusal be encountered prior 

to reaching the sludge, the test pit will be relocated within the same vicinity and re-excavated. 

Prior to test pit excavation, plastic sheeting will be placed on the ground to either side of the test pit. 

This procedure will allow for potentially contaminated soil to be kept separate from 

noncontaminated soil. Upon completion of sampling activities, all excavated soils will be returned 

4-16 



.- to the test pit replacing the soil in the same order in which it was removed (i.e., bottom soil placed 

first). All plastic sheeting will be discarded as nonhazardous debris. 

There are currently 10 existing monitoring wells at this SWMU. This includes three wells at Area 

A, three wells at Area B and four wells at Area C. Four additional monitoring wells will be installed 

as part of the RF1 and existing wells will be redeveloped and refurbished as necessary. Monitoring 

well locations are presented on Figure 4-6 for Areas A and B and on Figure 4-7 for Area C. Two 

subsurface soil samples will be collected from each new monitoring in the same manner as dliscussed 

in previous sections and analyzed as presented on Table 4-2. One round of groundwater samples 

will be collected from the monitoring wells. These samples will be analyzed for the parameters 

listed on Table 4-2. 

-, 

The proposed monitoring well network provides upgradient and downgradient monitoring at each 

tank area taking into account the possibility of radial flow from the topographic highs. The rscreened 

interval of each monitoring well will span the water table. The monitoring well network is designed 

to provide groundwater characterization for the entire SWMU. Final on-ground locations for the 

monitoring wells will be selected based on the results of the GPR survey and the soil boring 

program. 

Additional data will also be collected from the monitoring wells, including: 

0 PH 
0 Temperature 

0 Specific conductance 

0 Water level 

0 In-situ hydraulic conductivity tests 

4.2.7 SWMIJs 11 and 45 - Old Power Plant, Building 38 (IR Site 16) 

The media to be sampled at these SWMUs include (refer to Section 3.9): 

I’ 

0 The Building 38 interior 

0 Soil in the vicinity of the USTs 
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l Sediment inside the cooling water tunnels 

0 Groundwater 

Building Interior 

The contaminant of concern for the Building 38 interior is PCBs. Although the structure is reported 

to contain asbestos containing materials (ACM), it has not been considered as a release related 

problem as part of this RFI; therefore, provisions for asbestos sampling had not been included. In 

consideration of this, wipe sampling of the building’s floor and bottom portion of the wall is 

proposed. This will only be done in the front (northeastern) portion of the building since no waste 

management activities have taken place in the rear portion. Building 38 is a bomb proof concrete 

structure that was constructed in 1944 which measures 150 ft. x 110 ft. and is 61 ft. in height. 

A 20-foot grid will be established across the floor of the building. At each intersecting grid point 

a wipe sample for PCB will be obtained. In addition, wipe samples at the wall/floor intersection and 

from the wall at a point approximately two feet off the floor will be obtained. No plans of the 

building interior were available during the preparation of this workplan. The grid will be established 

so as to maximize sampling in the area of waste storage. In addition, up to 5 extra samples will be 

taken at any obvious spill points. 

USTs 

Four monitoring wells will be installed in the vicinity of the USTs (Figure 4-8). Due to the flat 

topography at this SWMU, uncertainties exist as to the direction of groundwater flow; therefore, a 

well has been positioned to each side of the USTs. This positioning should allow for an accurate 

determination of groundwater flow as well as assessing groundwater chemistry. Each well will be 

advanced to bedrock (estimated depth of 20 feet) with the entire length of the water table being 

screened. Subsurface samples will be collected at continuous intervals with one surface (0 to 1 foot) 

and two subsurface samples submitted for the analyses presented on Table 4-2. One subsurface 

sample will be collected from the interval immediately above the water table. A second sample will 

be collected from a point between the ground surface and the water table based on PID/FID readings 

and visual observations. ,-._ 

-. 
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In addition to the above monitoring wells, four HydroPunchTM/temporary wells will be installed at 

the locations presented on Figure 4-8 to assess groundwater conditions along the perimete:r of this 

SWMU. The HydroPunchTM will be advanced a minimum distance of five feet into the water table 

prior to sampling. In the event that a temporary well is necessary, due to slow recharge or 

unavailability of the HydroPunchTM system, a minimum of five feet of well screen will be installed. 

The well screen will not be backfilled but the formation will be allowed to collapse around the 

screen. No subsurface soil samples will be collected for laboratory analysis. 

A one-time groundwater sampling event will be conducted from these four stations for the 

parameters listed on Table 4-2. Following this sampling event, each station will be abandoned and 

the resulting borehole backfilled to the ground surface. 

An interim remedial action will be undertaken at the USTs prior to the RFI. [The 60% Design for 

this work was submitted for EPA review and approval in August 1995.1 

Coolinv Water Tunnels 

Sediment samples will be collected from selected access points along the cooling water intake tunnel 

terminating in Puerca Bay (Figure 4-8). A total of nine sediment samples will be collected at the 

locations shown (0 to 6 inch depth). These samples will be analyzed for the parameters listed on 

Table 4-2. The selected sample locations will focus on the portions of the tunnels which are closest 

to Building 38 and at the termination of the tunnel in Puerca Bay. In addition, three sediment 

samples will be obtained in a radial pattern within 50 feet of the tunnel mouth. The results of these 

samples will be used to verify results obtained during the supplemental investigation. 

The power house has another tunnel for cooling water discharge that leads towards EnsenadaL Honda. 

This is now known to be the discharge tunnel based on a set of old drawings found recently during 

work for the Interim Corrective Measure work. The beginnings of this tunnel can be seen leaving 

the building area and heading perpendicular (approximately) towards the paved road. Through other 

investigations, the alignment of the tunnel has been determined at least as far as Boiler Building 

1936 (Figure 4-S). Repeated attempts to locate the tunnel beyond this point have not been 

.P-=-Y successful, and therefore, the tunnel alignment cannot be verified. 
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As part of the Interim Remedial Action, the tunnel will be cleaned at least as far as the boiler house 

and sealed off. The end of the cooling tunnel at Ensenada Honda also will be sealed using reinforced 

concrete. This measure will effectively seal off the cooling tunnel from transporting any potentially 

contaminated media into Ensenada Honda. Therefore, no additional sampling of the tunnel beyond 

the boiler house is planned. Two sediment samples will be collected along the cooling tunnel at the 

locations shown on Figure 4-8 and analyzed according to Table 4-2. 

In addition, three sediment samples will be obtained in a radial pattern within 50 feet of the outfall 

in Ensenada Honda. These samples are not shown on the figure at this time since the outfall is 

apparently submerged and will have to be found during the RFI. 

PCB contamination has been established in the soils near Building 38. Extensive soil sampling was 

performed to identify the nature and extent of the contamination and to provide sufficient data to 

design a corrective action. This information was obtained in 1992 by Versar, Inc. and reported in 

the “Remedial Investigation/Feasibility Study for Site 16 Naval Station Roosevelt Roads Puerto 

Rico.” (May 15, 1992) 

Based on the RI/FS results, a remedial alternative consisting of soil removal and disposal off-site 

with confirmatory sampling has been performed. The Project Close-out Report (May 1995) has been 

submitted. All remaining soils contain less than 10 ppm PCBs. 

The extensive pre-removal sampling, soil removal, and post-removal confirmatory sampling address 

the requirement for an RF1 at this SWMU. 

4.2.8 Area of Concern B - Former Site of Building 25 

The RF1 will include sampling of soil and groundwater at this AOC (refer to Section 3.12). 

A total of six surface soil samples will be collected; one from each of the locations presented on 

Figure 4-9. Additionally, two subsurface samples will be collected from each of the two soil borings 
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and three monitoring wells for a total of 10 samples. All surface and subsurface samples will be 

analyzed for the parameters listed on Table 4-2 (Surface soil analyses will include asbestos for 

possible corrective measures decisions). Soil boring sample selection criteria and monitoring well 

installation will be consistent with the procedures discussed in previous sections. 

The soil sampling locations were selected to focus on the immediate vicinity of the former 

Building 25 since possible releases to soils from wastes stored on the pad triggered the need for the 

RFI. It should be noted that a first phase RN will be conducted at SWMU 6 which is immediately 

adjacent to the AOC B. The results of both investigations will be used to characterize this AOC. 

One round of groundwater samples will be collected from the monitoring wells. The samples will 

be analyzed for the parameters listed in Table 4-2. 

The proposed monitoring well network provides upgradient (background) and downgradient 

monitoring at this AOC. The screened interval of each monitoring well will span the water table. 

In addition to providing groundwater characterization for this AOC, the monitoring well network 

will, if required, provide groundwater monitoring for the nearby SWMU 6 (a first phase soil RF1 

SWMU; see Figure 4-9). 

Additional data will also be collected from the monitoring wells, including: 

0 PH 
0 Temperature 

0 Specific conductance 

0 Water level 

0 In-situ hydraulic conductivity tests 

4.2.9 First Phase RFIs 

This section addresses those SWMUs requiring a first phase RFI. The First Phase RF1 are limited 

to the sampling of the soil media. Investigation of selected other environmental media are contingent 

on the results of the soil investigation. First Phase RF1 are designed to assess whether any releases 

4-21 



from these SWMUs/AOCs have occurred. It differs from a full RF1 in the extent and degree of 

investigations required. 
-,. 

4.2.9.1 SWMIJ 6 - Building 145 S;k ii 

Soil sampling locations are presented on Figure 4-9. A soil boring will be advanced at each sampling 

station. A total of three soil borings will be advanced at this SWMU along with the collection of two 

additional surface soil sample locations. One surface and two subsurface (from the interval directly 

above the water table and an interval containing visible contamination) soil samples will be collected 

from each boring. The soil borings will be advanced to the water table. The soil samples will be 

analyzed for the parameters listed on Table 4-2. It should be noted that this SWMU is immediately 

adjacent to AOC B and the investigations for both areas provide overlapping coverage. The results 

of both investigations will be employed to characterize this SWh4U. 

Previous site visits have noted standing water in the building itself (at the low point). Should water 

be present during the RFI, a grab sample will be obtained and analyzed for those parameters in 

Table 4-2. This will provide some indication of whether the concrete surfaces comprising the 

building interior are surficially contaminated. 

The soil sampling locations were selected to focus on the immediate vicinity of Building 145. 

Samples at depth are included because the unit is partially buried. 

4.2.9.2 SWMU 10 - Substation 2/Building 90 

This SWMU consists of Substation 2 (Building 90) where electrical transformers were formerly 

repaired. These operations resulted in PCB containing transformer oils being released to the ground. 

This SWMU comprises the former IR Site 15. Remedial action (excavation) has taken place at this 

SWh4U and the Project Close-out Report has been provided. Confirmatory soil samples collected 

from the excavation were used to satisfy the first phase RF1 requirements for this SWMTJ. The 

results of the confiiatory sampling were reported separately and will only be summarized in the 

RF1 report for information. 
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Concerns regarding the potential for solvents used int he PCB oil migrating through subsurface soil 

and into the groundwater exist for this SWMU. To address this concern, a series of three 

HydroPunchesm or temporary wells will be installed for the purpose of collecting a single round of 

groundwater samples. 

Locations of the three HydroPunchesTr%emporary wells are presented on Figure 4-10. At each 

station, sampling tools will be advanced a minimum of five to seven feet into the water table prior 

to sample collection. The intention is to collect samples from the uppermost portion of the water 

table to determine the presence or absence if any immiscible layer. No subsurface soil samples will 

be submitted for laboratory analysis. Groundwater samples will be analyzed for VOCs, SVOCs, and 

PCBs, as presented on Table 4-2. 

Following sample collection, all sampling tools/well screens will be removed and the boreholes 

backfilled to the ground surface. 

4.2.9.3 SWMU 12 - Fire Training: Pit Oil/Water Senarator 

Soil sampling locations are presented on Figure 4-l 1. The separator evidences no structural 

problems and, therefore, the concern regarding potential releases stems from possible overtopping. 

To assess this potential, a series of four surficial soil samples, to be taken within one foot of the edge 

of the separator, will be obtained at the locations shown. Should visible signs of release be present, 

sampling locations will be modified to sample in apparently affected areas. The soil samples will 

be analyzed for the parameters listed on Table 4-2. Full Appendix IX sampling is not required for 

the site since only oily waters were managed. 

4.2.9.4 SWMU 13 - Pest Control Shon Area (Building. 258) 

The results of the Supplemental Investigation indicate that there are no significant risks posed by the 

site to human health. Limited sampling within the drainage ditch receiving runoff from the site 

indicates that: 

.-. 
l Chlordane exceeded its AWQC 

0 Chlordane, DDT, DDD, DDE exceeded their respective NOAA ER-M 
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0 Zinc exceeded its NOAA ER-M, and 

0 Copper and lead exceeded their NOAA ER-L 

Since pesticides were managed at the site, additional sampling within the dramage appears 

warranted. In addition, some surficial soil samples around the former building site and between the 

building site and the drainage will be obtained to provide full spectrum analyses which will validate 

previous sampling episodes. 

Five sediment samples will be taken along the drainage ditch at the locations shown on Figure 4- 12. 

This sampling program, consisting of samples taken at approximately 100 foot intervals, provides 

reasonable sample density both upstream and downstream of the site to characterize ditch sediments. 

The sediment samples will be analyzed for Appendix IX constituents and TOC. 

Five surface soil samples, to be taken from 0 - 1 foot, will be obtained at the locations shown on 

Figure 4-12. These samples will be analyzed for Appendix IX constituents. This pattern of sampling 

provides reasonable site coverage to characterize and also provides some redundancy of sampling 

with previous investigations so that the existing data can be utilized fully in understanding the site. 

Four surface soil samples will be collected near surface soil station 18SS103 (Supplemental 

Investigation). These will be analyzed for arsenic to confirm previous analytical results which 

indicated a somewhat elevated arsenic level. 

4.2.9.5 SWMU 14 - Fire Training Pit Area St’& 1-7 qswpp.4 k/14) 

The new fire training pit, which is a concrete-lined pit, was constructed at the same site as the former 

pit which had no release controls. Concern with regard to possible releases from this unit reside with 

the older unit not the new pit. The Navy has no reliable information which indicates the location of 

a third, temporary, fire pit. 

To address this SWMU, the first phase RF1 will consist of a limited slam-bar soil gas survey 

followed by soil sampling. Two rings of soil gas points, at lo-foot intervals, will be investigated. 

The first ring will be at a distance of 3 feet away from the concrete apron while the second will be 
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13 feet away. Based on the results of this soil gas survey, a minimum of five soil sampling locations 

will be selected (a possible array of sampling points is shown on Figure 4-l 1). Soil samples will be 

obtained from a depth of approximately 3 feet in a hand-augered hole. 

The soil samples will be analyzed for the parameters contained in Table 4-2. 

. . . 4.2.9.6 SWMU 23 - Oil Water Senarator Tanks (Or1 Snrll Control Are& 

Soil Sampling locations are presented on Figure 4-13. A surface soil sample (0 to 1 foot) will be 

collected at each location. A total of two soil samples will be collected at this SWMU. The samples 

will be analyzed for the parameters listed on Table 4-2. 

The soil sampling locations may be modified based on field observations of areas off visible 

contamination (e.g. staining) and potential contaminant release (drainage, etc.). Also, the concrete 

pad will be inspected for cracks. If sizeable cracks are found, they will be cleaned out and, if fully 

penetrating, samples will be obtained of the subsurface material. 

. . 4.2.9.7 SWMU 3.4 - Oil Water Senarator (011 S~lll Control Area) 

The concern at this site is for releases which may have occurred to the surface soils as a result of 

overtapping of the unit (the unit visually appears structurally sound). The separator is surrounded 

on three sides by asphalt and one side by grass. 

Concerns regarding potential for overtapping will be addressed through the collection of a single 

surficial soil sample (0 to 1 foot) collected from the grassed area (an area of approximately 8 x 8 

feet). The preliminary sample location is shown on Figure 4- 13; however, the actual field location 

will be selected based on visual observation of staining, stressed vegetation, etc., although it will be 

immediately adjacent to the unit on the grassed area. 

The soil sample will be analyzed for the parameters shown on Table 4-2. 
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4.2.9.8 SWMU 25 - DRMO Storage Yard (Building 2009) 

Soil sampling locations are presented on Figure 4-14. One surface soil sample (0 to 1 feet) will be 

collected at each sampling station. A total nine soil samples will be collected at this SWMU. The 

locations shown correspond to the stained area seen during the RFA. 

The soil sample locations will focus on the material storage racks area. Due to the small size of this 

SWIW, nine soil samples will serve to adequately characterize soil quality. The sampling locations 

may be modified based on field observations (e.g. staining, etc.). 

A single sample of the drainage ditch sediments will be obtained if a sufficient amount of sediment 

found to be present in the concrete line ditch. The sample will be obtained in the general location 

shown on Figure 4- 14. 

All samples will be analyzed for the full list of Appendix IX parameters. 

4.2.9.9 SWMSJ 26 - Storwe Area Behind BuildinP 544 

Proposed possible soil sampling locations are presented on Figure 4- 15. A surface soil sample (0 to 

1 feet) will be collected at each sampling location. A total of up to five soil samples will be 

collected. The soil samples will be analyzed for Appendix IX parameters, 

Building 544 was demolished sometime after 1988. The soils (after drum removal) from the area 

where the drums were seen was bulldozed to a point approximately 20 feet away as shown on the 

figure. There is no existing information to indicate that contaminants may be present at a particular 

area within this SWMIJ. A slam bar soil survey will be performed in the area where the drums were, 

the area between the former building and the present site of the storage area soils and in the soil piles 

originating from the drum storage area. Based on the results of the survey, sample locations will be 

selected that will be representative of site conditions. At a minimum, two samples will be obtained 

from the surficial soils in the former storage area and three will be obtained from the soil piles. 

Analysis will be for Appendix IX parameters. 
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4.2.9.10 SWMU 30 - Former Incinerator Area 

:- 

SWMU 30 actually consists of two relatively discrete areas as shown on Figure 4-16. One area is 

the incinerator itself while the other is the location of a former UST recently removed under the 

purview of the Puerto Rican UST Regulations. Both these areas will be addressed in the RPI. 

The best information available indicates that the incinerator presently at the site may not ever have 

been operated; however, in 1983 it replaced a previous incinerator which did operate. Based on this 

site history, a first phase RF1 for soils is warranted. 

A total of five surface soil samples will be taken from the area of the incinerator as shown on 

Figure 4-16. Two samples will be obtained from each end of the incinerator either immed.iately off 

the concrete pad or within three feet of the incinerator. In addition, the combustion chamber and any 

ash retention area which may be present will be visually examined. If ash is found to be Ipresent, a 

sample will be obtained for laboratory analysis. The soil samples immediately adjacent to the 

incinerator will be analyzed for the full Appendix IX list of constituents. The remaining three 

samples will be analyzed for VOCs, SVOCs, and RCRA metals, 

As indicated, the tank was removed under the UST regulations. Petroleum contaminated soils were 

discovered during excavations that were addressed at that time. Monitoring wells were installed and 

sampled. The site characterization report (Blasland, Bouck & Lee, October 1994) indicated total 

petroleum hydrocarbon (TPH) concentrations in soil ranging from below detection limits to a 

maximum of 9,800 mg/kg. A volume of 918 cubic yards of contaminated soils was estimated. 

Collected groundwater samples did not detect dissolved TPH concentrations in excess of tlhe Puerto 

Rico EQB target level (50 mg/l). Additionally, a qualitative risk assessment indicated an extremely 

low risk. Given the extent of work performed, the requirements of the RF1 will be met by the work 

under the UST program. While this is the case, groundwater appears to still require some additional 

work. 

It is not known for certain what was held in the tank although evidence to date suggests that it was 

petroleum fuel for the incinerator. The possibility exists that flammable waste liquids could have 

been placed in the tank at some point. For this reason, and considering that the tank and soil are 

gone, groundwater samples will be obtained from up to two downgradient wells. The wells will be 
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selected based on the results of the UST program as probided in its report. These samples will be 
-. 

analyzed for Appendix IX parameters and TPH. The results of the analyses will serve to verify 

whether a problem beyond that associated petroleum contamination is present. 

4.2.9.11 SWMU 3 1 - Waste Oil Collection Area 

Soil sampling locations are presented on Figure 4-17. Four soil borings will be advanced in the 

vicinity of the Building 2022. One surface and two subsurface soil samples will be collected (in a 

manner consistent with other SWMUs) from each boring which will be advanced to the water table. 

Four additional surface soil samples will be collected from an area that may have been the site of 

previous uncontrolled storage (see Figure 4- 14). All soil samples will be analyzed for the parameters 

listed on Table 4-2. 

The soil sampling locations were selected to focus on these two areas. Due to the small size of these 

areas, four samples at each will serve to adequately characterize soil. The sampling locations may 

be modified based on field observations (e.g. staining, etc.); however, the proposed locations at 

Building 2022 already address known stains. .-. 

4.2.9.12 SWMU 32 - Batterv Collection Area (BuildinP 3 1) 

The SWMU and proposed soil sampling locations are presented on Figure 4-l 7. A soil boring will 

be advanced at each sampling station. A total of four soil borings will be advanced at this SWh4U. 

The locations shown are approximate - actual locations will be selected based on field conditions. 

One surface (0 to 1 foot) and two subsurface soil samples will be collected from each boring. The 

soil borings will be advanced to the water table. Samples will be analyzed for the parameters listed 

on Table 4-2. Volatiles and semivolatiles are included because of the potential for repeated spills 

of materials containing these constituents. Full RCRA metals are included to address possible 

release from battery management operations. 

Due to the small size of the SWMU, four soil borings will serve to adequately characterize soil 

quality in this area. 
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The drawing shows a ‘drain” immediately to the east of the unit. Recent walkovers of the site have 

not yielded a precise location for this drain. During the RFI, efforts will be made to locate this drain. 

It should be noted that the area is dynamic and changes character and use frequently. The drain 

which was once there may have been removed or paved over. If found, the interior will be examined 

for collected sediments. A sample of the sediments will be obtained if a sufXcient sampling volume 

is present. The sediment sample (if taken) will be analyzed for the full Appendix IX list of 

parameters. 

4.2.9.13 SWMIJ 37 - Waste Oil Storage Area - Building 200 

SoiI sampling locations are presented on Figure 4-18. A surface soil sample (0 to 1 feet) will be 

collected at each sampling location or as appropriate based on field observations. A total of three 

soil samples will be collected. The soil samples will be analyzed for the parameters listed on 

Table 4-2. 

This SWMU is bounded by soil on the north and west sides. It is bounded by impermeable tarmac 

on the south and east sides. The sampling locations are focused on the soil on the north and west 

sides of the SWh4U. Due to the small size of the SWMU, three soil samples will serve to adequately 

characterize soil quality in this area. 

4.2.9.14 SWMU 39 - Former Battery Drain Area Building 3 158 

Soil sampling locations are presented on Figure 4-19. A surface soil sample (0 to 1 feet) will be 

collected at each sampling location. Two soil samples will be collected at this SWMU. The soil 

samples will be analyzed only for RCRA metals since only battery management practices could have 

caused releases at this unit. 

This SWMU is located on the southwest side of Building 3 158. The sampling locations are focused 

on this area. Due to the small size of the SWIvlU, two soil samples will serve to adequately 

characterize soil quality in this area. No background samples are proposed since comparisons of 

sample results will be made to RCRA corrective action clean-up levels. 
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4.2.9.15 SWMU 46 - Pole Storage Yard Covered Pad 

Soil sampling locations are presented on Figure 4-20. A surface soil sample (0 to 1 foot) will be 

collected at each sampling location. A total of nine soil samples will be collected. Two surface soil 

samples will be analyzed for full Appendix IX and the remaining samples will be analyzed for 

VOCs, SVOCs, PCBs, and RCRA metals. 

The pad was used for the storage of electrical equipment and, therefore, it is a concern that releases 

of oils containing PCBs may have occurred to the soils immediately surrounding the pad. To address 

this concern two surficial soil samples will be taken on each long side of the pad and one each in 

the middle of both ends. These locations may be altered based on field conditions. In addition, pads 

designated as being used for drum storage were also apparently present on the site although there is 

no evidence of them now. To address possible releases from these pads, the samples shown on the 

figure will be obtained. 

Additionally, two wipe samples will be obtained from locations on the existing pad. These samples, 

designed to assess whether spills may have repeatedly occurred, will be analyzed only for PCBs. _- 

Previous drawings have indicated the presence of “contaminated soil area” in this general vicinity. 

No information exists regarding whether these soils have been removed or are there now. Two soil 

borings will be advanced to the water table in this area. One surface soil and two subsurface soil 

samples will be collected using the same criteria at other SWMUs for a total of six samples. From 

one of the soil borings at the “contaminated soil area,” the surface soil sample and the sample 

collected from above the water table will be analyzed for Appendix IX parameters. The intermediate 

sample from this boring will be analyzed for VOCs, SVOCs, PCBs, and RCRA metals. The 

intermediate sample from the second boring in this area will be analyzed for Appendix IX while the 

surface and deep samples will be analyzed VOCs, SVOCs, PCBs, and RCRA metals. 

4.2.9.16 SWMU 5 1 - New AIMD Storage Pad Building 379 

Soil sampling locations are presented on Figure 4-21. A surface soil sample (0 to 1 feet) will be 

collected at each sampling location or at areas visually evidencing a release. A total of five soil 
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samples will be collected at this SWMLJ. The soil samples will be analyzed for the parameters listed 

in Table 4-2. 

This SWMU is located within an asphalt-covered lot. There is a drainage ditch to the nofih and east 

of this SWAN. The soil sampling locations were selected to determine if contaminants have 

migrated across the lot, toward the drainage ditch. Samples will be collected at 50-foot intervals 

along the asphalt-soil boundary (a two-foot offset from the asphalt will be maintained for sampling 

to avoid measuring affects of the pavement itself). Due to the configuration of the ditch, five soil 

samples will serve to adequately characterize soil quality in this area. 

Consideration was given to sampling sediment within the drainage swale; however, sediment 

sampling is not included. Any spills/releases from the SWMU must first impact the soil between the 

asphalt and the swale. Given this, sampling of the soil off the pavement will prov.ide a true 

indication of any releases from SWMU 5 1. In addition, the 200-gallon tank has been removed from 

the site limiting the potential for a recent release. Considering this, the sampling of surface water 

within the swale was considered unnecessary at this time. 

4.2.9.17 Area of Concern (AOC) C - Transformer Storage Pads 

Soil sampling locations are presented on Figure 4-20. A surface soil sample (0 to 1 feet) will be 

collected at each sampling location. A total of 12 soil samples will be collected at this AOC. Three 

soil samples will be analyzed for Appendix IX parameters. The remaining samples will be analyzed 

for VOCs, SVOCs, PCBs, and RCRA metals. 

The potential releases from this area pertain to possible spills in handling and drainage from the pads. 

Based on this, the proposed sampling locations are all reasonably close to the pads where releases 

are most likely. Soil sample locations will be altered as necessary based on pad structural 

considerations or visible evidence of release. Additionally, up to four samples will be obtained from 

areas in the general vicinity of the pads where evidence suggests transient off-pad storage of 

electrical equipment. 
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Finally, wipe samples for PCBs will be collected from each pad as shown on the figure. This will - 
indicate whether PCB contamination exists and will allow remedial activities to be designed and 

enacted. 

This approach will provide a suitable density and area of coverage of samples to adequately identifjr 

whether releases have occurred from the management of PCB-containing electrical equipment. 

A previous report referenced a “Creosote Timber Storage Area” near these pads. This area does not 

now exist. When it was in use, creosoted timbers were stored temporarily prior to use on base. No 

creosoteing processes took place on site, therefore, there is no potential for a release. 

4.2.9.18 AOC D Ensenada Honda Sediments 

The concern with the sediments of Ensenada Honda is mainly the possibility of releases to the Honda 

sediments from SWMSJs 1,2,3,7, and 8. Each of these has a detailed sediment sampling program 

described in their respective work plan sections. Sampling locations for AOC D are presented on 

the figures for SWJMSJs 1,2,3,7 and 8 (Figures 4-1,4-2,4-3 and 4-4). 

No surface water samples are planned for the RF1 in Ensenada Honda. Water fluxes in and out of 

the Honda with the tide on a daily basis. Any surface waters taken from the Honda would therefore 

not be representative of waters potentially affected by off-site waste migration. 

4.3 Bachround Samples 

4.3.1 Soil Background Samples 

Background samples, consisting of surface and subsurface soil and groundwater, will be collected 

from a series of four monitoring wells which will be installed near the perimeter fence north of 

Gate 2. At each location a surface soil sample (0 to 1 foot) and two subsurface samples will be 

obtained. Consistent with SWMU-specific borings, one subsurface sample will be collected from 

the interval immediately above the water table and an intermediate sample from an interval between 

the ground surface and the water table. The intermediate sample will be collected at the discretion 

of the on-site geologist. _- 
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Each monitoring well will be screened across the water table. Groundwater samples collected from 

these wells will be analyzed for full Appendix IX constituents. 

Sediment samples will be collected at SWMU 3 (Station Landfill) as part of the RFI. The 

northernmost sediment sample collected along the western side of this SWMU will serve as the 

background sediment for NSRR. This sample will be analyzed for the parameters listed on 

Table 4-2. 
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5.0 FIELD INVESTIGATION AND SAMPLING PROCEDURES 

Except for wipe sampling, the sampling procedures are presented as Standard Operating Procedures 

(SOPS) in Appendix B. These consist of the following: 

F 10 1 - Borehole and Sample Logging 

F102 - Soil and Rock Sample Acquisition 

F103 - Monitoring Well Installation 
F 104 - Groundwater Sample Acquisition 

F105 - Surface Water and Sediment Sample Acquisition 

F106 - Test Pit and Trench Excavation 
F201 - On-Site Water Quality Testing 
F202 - Water level, Water-Product Level, and Well Depth Measurements 

F203 - Photoionization Detector (PID) 

F204 - Flame Ionization Detector (FID) 

F208 - Bacharach Combustible Gas/Oxygen Meter and Personal Gas Monitor 
F303 - Field Logbook 

F402 - Slug Testing 

FSO 1 - Decontamination of Drilling Rigs and Monitoring Well Materials 
F502 - Decontamination of Sampling and Monitoring Equipment 
F504 - Handling of Site Investigation Wastes 

F703 - Geophysics - Ground Penetrating Radar 

Wipe sampling will be conducted as described in the guidance document: 

‘A Compendium of Superfund Field Operations Methods,” USEPA, EPA/54O/P87/00 1, 

December 1987. 

Other sections of DCQAP describe the implementation, justification, and design of the sampling 

operation. In Section 4.0, the rationale, description of the field operations, and a summary of the 

samples to be collected is presented. Section 6.0 describes the responsibilities of the project staff 

in implementing the sampling program. Sample handling procedures, including sample containers, 

preservatives, and holding times are discussed in Section 7.1 and summarized in Tables 7- 1,7-2, and 

7-3. 
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6.0 PROJECT ORGANIZATION 

Key personnel responsible for quality assurance throughout the duration of the RF1 are identified 

below. Subcontractors will be used to perform laboratory analysis, data validation, drilling and 

monitoring well installation, and surveying. Specific subcontractors have not yet been identified. 

Figure 6- 1 shows the project organization, lines of authority, and support personnel/organizations. 

Resumes of key project personnel are provided as Appendix A. 

The responsibilities of some key personnel are presented below: 

0 The Program Manager, Mr. John W. Mentz, has final responsibility and authority 

for all work performed under the project. He will manage the day-to-day operations 

of the entire contract and the Navy CLEAN Program Management Of&e. He will 

provide overall program direction, client contact, and quality assurance. From a 

quality perspective, the Program Manager is responsible for: 

b Ensuring, through an effective quality assurance program, that program and 

project direction is implemented and accomplished 

b Approving and funding the quality assurance program 

b Participating actively in the quality assurance process 

b Assisting the Quality Assurance Officers, as necessary 

Mr. Mentz is with Baker Environmental, Inc., Coraopolis, Pennsylvania and can be 

reached at (412) 269-2007. 

l The Deputy Program Manager, Mr. Raymond P. Wattras will serve as the primary 

technical contact with responsibilities for budget and schedule control, project 

management, and health and safety issues. From a quality perspective, the Deputy 

Program Manager has responsibilities similar to those outlined above for the 
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Program Manager. Mr. Wattras is with Baker Environmental, Inc., Coraopolis, 

Pennsylvania and can be reached at (412) 269-2008. 

The Activity Coordinator, Mr. Thomas C. Fuller, P.G., is responsible for the overall 

technical oversight for the CTO. He will maintain close contact with LANTDIV 

and NSRR representatives. Mr. Fuller is with Baker Environmental, Inc., 

Coraopolis, Pennsylvania, and can be reached at (412) 269-2065. 

The Project Manager, Mr. Christopher D. Boes, P.G., is responsible for managing 

all work for this CTO, from initiation to final closeout. He is responsible for 

maintaining budget, schedule, and technical performance as well as quality 

performance for the CTO. The Project Manager shall receive support from all 

project management staff and use the capabilities of the technical staff. The Project 

Manager is responsible for implementing and maintaining all aspects of this Quality 

Assurance Program for a CTO. Mr. Boes is with Baker Environmental, Inc., 

Coraopolis, Pennsylvania and can be reached at (412) 269-6020. 
- 

0 The technical staff is responsible for maintaining quality in the tasks in which they 

are performing. Senior technical staff also may be used for technical review of 

project documents, as necessary. 

In addition to the project organization described above, the organization that will be used to manage 

data for this project is described in Section 2.2 of the Data Management Plan. 
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H-=- 7.0 SAMPLE AND DOCUMENT CUSTODY PROCEDURES 

The following SOPS Kelly describe the sample and document custody procedures to be used for the 

field program: 

F30 1 - Sample Preservation and Handling 

F302 - Chain-of-Custody 

F304 - QA/QC Samples 

Tables 7-1, 7-2, and 7-3 summarize the sample containers, preservatives, and holding times to be . 
used for the field program. 
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8.0 CALIBRATION PROCEDURES AND FREQUENCY 

8.1 Field Instruments 

The calibration procedures for the water quality instruments (pH meter, conductivity meter, and 

thermometer), the photoionization detector, and the flame ionization detector that will be utilized 

for the field program are described in the following SOPS in Appendix B: 

F202 - Water Level, Water-Product Level, and Well Depth Measurements 

F203 - Photoionization Detector (PID) 

F204 - Flame Ionization Detector (FID) 

The frequency of calibration for these instruments is also provided in their respective SOPS. 

Requirements for documentation of calibration, including recording of usage, maintenance, 

calibration, and repair, is described in: 

F303 - Field Logbook 

All standards used for calibration will be from the National Institute of Standards and Technology 

WST), traceable to NIST standards, or other accepted standards (i.e., USEPA). 

,The laboratory’s procedures for calibration and related quality control measures are to be in 

accordance with the protocols presented in “Test Methods for Evaluating Solid Waste: 

PhysicaKhemical Methods,” SW-846, November 1986,3rd Edition. Formal calibration procedures 

are established to ensure that instrumentation and equipment used for sample analysis are accurately 

calibrated and properly functioning. These procedures apply to all instruments and equipment 

quantities. All calibrations are performed by laboratory personnel or external agencies using 

standard reference materials per method specifications. The Laboratory Quality Assurance Plan 

(LQAP) will provide more detail on procedures and frequency. This will be available when the 

laboratory subcontractor is obtained for this project. 
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All calibrations are recorded on in-house calibration forms or instrument vendor forms or in 

dedicated bound notebooks. The following data are recorded for all calibrations: the date, target 

readings, actual readings, instrument identification number, and the analyst’s initials. Other data 

may be recorded depending upon the calibration performed. 

Only properly calibrated and operating equipment and instrumentation are used. Equipment and 

instrumentation not meeting the specified calibration criteria are to be segregated from active 

equipment whenever possible. Such equipment is repaired and recalibrated before reuse. 

All equipment is uniquely identified, either by serial number or internal calibration number, to allow 

traceability between equipment and calibration records. Recognized procedures (ASTM, USEPA, 

or manufacturer’s procedures) are used for calibration whenever available. 

8.2.1 Method Calibration 

Method calibration is performed as part of the laboratory analytical procedure (calibration curves, 

tuning). Calibration curves are prepared using five standards in graduated amounts across the 

appropriate range of analysis. New calibration curves are prepared whenever new reagents or 

standards are prepared or yearly, whichever is more frequent. 

8.2.2 GUMS System Calibration Procedure ~ 

This section outlines the requirements for the calibration of GC/MS (or GCYMSD) systems for the 

determination of organic compounds. The following operations are performed in support of these 

requirements: 

0 Documentation of GC/MS mass calibration and abundance pattern 

a Documentation of GCLMS response factor stability 

0 Internal standard response and retention time monitoring 
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,- Tuning and Mass Calibration 

It is necessary to establish that a given GCYMS system meets the standard mass spectral abundance 

criteria prior to initiating data collection. This is accomplished through the analysis of p 

bromofluorobenzene (BFB) for volatile compounds or decafluorotri-phenylphosphme (DFTPP) for 

semivolatile compounds. The BFB or DFTPP criteria are met before any blanks, standards, or 

samples are analyzed. 

A GC/MS system used for organic compound analysis is tuned to meet the criteria specified in 

SW-846 for BFB analysis (volatile compounds) or DFTPP (semivolatile compounds) for an injection 

of 50 nanograms (ng) of BFB or DFTPP. The analysis is performed separately from standard or 

blank analysis. These criteria are demonstrated every 12 hours of operation. Background 

subtraction, if required, is straight forward to eliminate column bleed or instrument background ions. 

Calibration documentation is in the form of a bar graph spectrum and a mass listing. 

GC/MS Svstem Calibration 

After tuning criteria have been met and prior to sample analysis, the GC/MS system is initially 

calibrated at five concentrations utilizing the compounds to be analyzed to determine the linearity 

of response. Internal and surrogate standards are used with each calibration standard. Standards are 

analyzed under the same conditions as the samples. 

0 Relative Response Factor @RF) Calculation - The USEPA specifies the internal 

standard to be used on a compound-by-compound basis for quantification. The 

relative response factor @RF) is calculated for each compound at each 

concentration level. 

l System Performance Check - a system performance check is performed and the 

minimum average relative response factors are met before the calibration curve is 

used. 
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0 Calibration Check - a calibration check is performed and the criteria are met before -_ 

the calibration curve is used. The percent relative standard deviation (%RSD) is 

calculated using the relative response factors (RRF) from the initial calibration. 

0 Continuing Calibration - a calibration check standard containing all semivolatile 

or volatile compounds and surrogates is run each 12 hours of analysis. a system 

performance check is performed. The criteria are the same as for the initial 

calibration system performance check. a calibration check is also performed. The 

percent difference is determined for each CCC. 

The % Difference for each CCC must be less than or equal to 25.0 percent. The system performance 

check and calibration check criteria must be met before sample analysis can be performed. The 

continuing calibration is recorded on the continuing calibration forms. 

8.2.3 System Calibration Procedure for Metals Analysis 

This section outlines the requirements for the calibration of atomic absorption (AA) and Inductively 

Coupled Plasma (ICP) systems for the determination of metals. The following are performed in 

support of these requirements: 

0 Documentation of standard response 

0 Correlation coefficient monitoring 

The AA or ICP system is initially calibrated with a calibration blank and five calibration standards. 

The standard concentrations are determined as follows. One standard is at a concentration near, but 

above, the MDL. The other concentrations correspond to the expected range of concentrations found 

in the actual samples. For AA systems, the calibration standards are prepared fresh each time an 

analysis is to be performed and discarded after use. The standards contain the same reagents at the 

same concentrations as will result in the samples following preparation. 

This five point calibration is performed daily or before each use for metals analysis by ICP. For 

metals analysis by AA, the five point calibration is performed whenever new calibration standards 

are prepared. 
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* . Correlatton Coefficrent Calca 

The data points of the blank and the five calibration standards are utilized to calculate the slope, the 

intercept, and the correlation coefficient of the best fit line. An acceptable correlation coefficient 

must be achieved before sample analysis may begin. An acceptable correlation coefficient is >0.997 

for AA analyses and >0.9999 for ICP analysis. 

. Calibration Verification 

The initial calibration curve is verified on each working day by the measurement of one mid-range 

calibration standard. For analysis by AA or ICP, the acceptance criterion for the recovery of the 

verification standards is *15 percent of the expected recovery for all metal standards except for the 

standard for mercury. The acceptance criterion for the recovery of the mercury standard is ~t20 

percent of the expected recovery. When measurements exceed the control limits, the analysis is 

terminated, the problem corrected, the instrument recalibrated, and the calibration reverified. 

/-‘ 
8.2.4 System Calibration Procedure for Inorganic Analyses 

This section outlines the requirements that are used for calibration of calorimetric sysltems for 

analyses of inorganic parameters. The following are performed in support of these requirements: 

0 Documentation of standard response 

l Correlation coefficient monitoring 

The system is initially calibrated with a blank and five calibration standards. Standard 

concentrations are one standard at a concentration near, but above, the MDL with additional 

concentrations corresponding to the expected range of concentrations found in actual samples. 

Standards contain the same reagents at the same concentrations as will be present in samples 

following preparation. 
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Correlation Coefficient Calculation 

Data points of the blank and five calibration standards are utilized to calculate slope, intercept, and 

correlation coefficient of a best fit line. An acceptable correlation coefficient is achieved before 

sample analysis may begin. An acceptable correlation coefficient is >0.99 for all systems. 

Calibration Verification 

The initial calibration curve is verified on each working day by the measurement of two calibration 

standards. One standard is at a concentration near the low end of the calibration curve and one 

standard is at the high end of the curve. The acceptance criteria for recovery of verification 

standards is *lO percent of the expected recovery. When measurements exceed control limits, 

analysis is terminated, the problem is corrected, the instrument is recalibrated, and the calibration 

is reverified. 

8.2.5 Periodic Calibration 

Periodic calibration is performed on equipment required in analyses but not routinely calibrated as 

part of the analytical methodology. Equipment that falls within this category includes ovens, 

refrigerators, and balances. The calibration is recorded either on specified forms or in bound 

notebooks. Discussed below are the equipment, the calibration performed, and the frequency at 

which the calibration is performed. 

0 Balances are calibrated weekly with class S weights. 

0 The pH meter is calibrated daily with pH 4 and 7 buffer solutions and checked with 

pH 10 buffer solution. 

0 The temperatures of the refrigerators are recorded daily. 

0 All liquid in glass thermometers are calibrated annually with the N.B.S. certified 

thermometer. Dial thermometers are calibrated quarterly. 
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0 The N.B.S. Certified Thermometer is checked annually at the ice point. 

The following equipment must maintain the following temperatures:, 

0 Sample Storage & Refrigerators: 4” f 2°C 

a Water Bath, Mercury: 95” f 2°C. 
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9.0 ANALYTICAL PROCEDURES 

. 9.1 J&$um&w 

The field instruments will be operated in accordance with the following SOPS, provided in 

Appendix B: 

F202 - Water Level, Water-Product Level, and Well Depth Measurements 

F203 - Photoionization Detector (PID) 

F204 - Flame Ionization Detector (FID) 

F208 - Bacharach Combustible Gas/Oxygen Meter and Personal Gas Monitor 

9.2 Laboratorv Analvsis 

The samples that will be collected during the investigation will be analyzed for constituems listed 

in Table 9-l. Parameters will be analyzed using analytical methods indicated. Compounds and the 

corresponding method performance limits also are shown. 

The laboratory that will be subcontracted with to perform the analyses will be NEESA Approved. 

The NEESA Approval process is described in the NEESA 20.2-047B document. As part of this 

process the laboratory must furnish their LQAP. This LQAP will provide a description of the 

laboratory facilities, laboratory credentials, laboratory equipment and source of supplies. In 

addition, the QA/QC procedures the laboratory will use to ensure the generation of scientifically 

valid and defensible data will be presented. The LQAP will also contain the necessary SOPS which 

describe the analytical procedures in suffkient detail to allow selection of the methods that will meet 

the Data Quality Objectives of the project. 
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Y=- 10.0 DATA REDUCTION, VALIDATION AND REPORTING 

10.1 Databw 

The database will consist of data records, tabular displays, and graphical displays. The data record 

allows cross-reference of sample codes and location with lab numbers, components, and ,analysis 

results. The tabular displays will present raw data, applicable media, and sorting by potential 

stratification. The graphical displays will show sampling grids, geographical extent of 

contamination, and features affecting transport of contaminants. All information will be accessible 

to USEPA in a form that is compatible with USEPA’s computers. Additional details regarding the 

database for the project is discussed in the Data Management Plan (DMP). 

10.2 Field Data Procedures 

The requirements for recordkeeping in field notebooks are described in Appendix B as the SOP: 

F303 - Field Logbook 

a rigorous data control program will insure that all documents for the investigations are accounted 

for when they are completed. Accountable documents include items such as log books, field data 

records, correspondence, chain-of-custody records, analytical reports, data packages, photographs, 

computer disks, and reports. The project manager is responsible for maintaining a project file in 

which all accountable documents will be inventoried. Filing for the project will be conducted 

according to the SOP: 

A008 - Filing 

These SOPS are contained in Appendix B. 
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10.3 Caboratorv Data Procedures 

The following procedures summarize the practices routinely used by laboratory staff for data 

reduction, validation, and reporting. Numerical analyses, including manual calculations, are 

documented and subjected to quality control review. Records of numerical analyses are legible and 

complete enough to permit reconstruction of the work by a qualified individual other than the 

originator. The equations and procedures used for calculations, as well as the units, are specified 

in the referenced analytical protocols. 

Data Validation 

Data validation of all laboratory analytical results will be conducted by an independent, third-party 

data validation subcontractor in accordance with the methodologies presented in Appendix D. 

Analytical Reports 

The following are required of analytical reports: 

0 

0 

0 

1 0 

0 

0 

Data is presented in a tabular format. 

Analytical reports are approved by appropriate laboratory personnel. 

The following information is included on the report: client name and address; 

report date, sample date, analysis dates, number of samples, purchase order number, 

project number, and project type. All pages are numbered. 

The sample numbers and corresponding laboratory numbers are identified. 

The parameters analyzed, report units, and values are identified. 

Method, trip, and field blank results are reported. 

Matrix spike, matrix spike duplicate, and replicate recoveries are reported. 

Surrogate recoveries are reported. 

Holding times and sample analysis dates are reported. 

The detection limit of the procedure is identified. 
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;‘-- 0 Consistent significant figures are used. 

0 Referenced footnotes are used when applicable. 

0 Blank results are not subtracted from sample results; they are treated according to 

the NEESA data validation guidelines. 

a a letter of transmittal accompanies the report if any anomalies are associated with 

the data. The letter specifies these anomalies. 

All laboratory procedures for data reduction, validation, and reporting will be presented in the 

LQAP. The laboratory selected for this project will be NEESA-approved. The subcontractor’s 

LQAP shall describe the mechanism for periodic reporting to management on the performance of 

measurement systems and data quality. These reports should include: 

0 Periodic assessment of analytical data accuracy, precision, and completeness. 

0 Performance audits results. 

0 System audits results. 

0 Significant QA problems and recommended solution. 

0 Corrective action results. 

The analytical laboratory shall maintain detailed procedures of laboratory recordkeeping in order 

to support the validity of all analytical work. Each data set report submitted to the Project Manager 

should contain the laboratory Project Manager’s and QA Offricer’s written verification that the 

approved analytical method (without modification) was performed and all QA/QC checks were 

within the established protocol limits on all samples. If any QA problems are encountered during 

sample analysis, the laboratory will inform the Project Manager in writing. The laboratory QA 

Officer will provide the Project Manager reports of their QA audits by external agencies and of 

internal audits by their QA department upon request. 

The Field Team Leader will report to the Project Manager on a frequent basis regarding progress of 

the field work and quality control issues associated with the field activities, All reports will be 

documented in a field logbook. 
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After the field work has been completed and the final analyses have been performed and checked, 

a fmal quality assurance report will be prepared for inclusion into the project final report (e.g., RF1 

Report). The report will summarize the quality assurance and audit information, indicating any 

corrective actions taken and the overall results of QA compliance. The Project Manager will prepare 

this final summary in coordination with the contract laboratory. 
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11.0 INTERNAL QUALITY ,CONTROL CHECKS 

11.1 . Field In&ynal Quzrllty Control C&x.& 

Field internal quality control checks to be used during the RF1 include field duplicates, equipment 

rinsates, field blanks, and trip blanks. A breakdown by type of sample with which the QA/QC 

samples will be submitted to the laboratories is given in Table 1 l-l. 

TABLE 11-l 

QC SAMPLE FREQUENCY 

1 Media 1 Trip Blanks 1 Equipment Rinsates Field Blanks 

Water One per cooler 5 percent or one per day 
containing of sampling 

VOAs 

Soil, One per cooler 5 percent or one per day 
Sediment, containing of sampling 

Wbe VOAs 

One per source 
per event 

One per source 
per event 

Field 
Duplicates 

5 percent 

5 percent ’ 

11.2 upes of OC Samples 

Documentation of the analyses of the following types of QC samples is maintained in the laboratory 

bench notebooks and/or the specific client or project files. 

Trip Blank 

Analysis of trip blanks is performed to monitor possible contamination during shipment and 

collection of samples. Trip blanks are initiated in the laboratory prior to the shipping of sample 

packs. A corresponding trip blank is prepared for each set of samples to be analyzed for volatile 

organic compounds. 

Trip blank samples are prepared by adding four drops of concentrated hydrochloric acid and then 

filling the container with deionized water (ASTM Type II). The trip blanks accompany the samples 
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through shipment to the sample site, sample collection, shipment to the laboratory, and storage of 

the samples. 

__ 

Method Blank 

Analysis of method blanks is perform4 to verify that method interferences caused by contamination 

in reagents, glassware, solvents, etc. are minimized and known. 

Method blanks are initiated by the analyst prior to the preparation and/or analysis of the sample set. 

A method blank consists of a volume of deionized water or organic-free water equal to the sample 

volume which is carried through the entire analytical procedure. For solid samples to be analyzed 

by GUMS, the method blank consists of a purified solid matrix approximately equal to the sample 

weight. A method blank is analyzed with each set of samples or at the very least, daily. If the 

analytical data of the method blank indicates excessive contamination, the source of contaminant will 

be determined. The samples may be reanalyzed or the data may be processed as is depending upon 

the nature and extent of the contamination. 

Replicate Sample Analysis 

Replicate sample analysis is performed to demonstrate the precision of an analysis. An 

interlaboratory replicate sample is initiated by the analyst prior to sample preparation and carried 

through the entire analytical procedure. The frequency of interlaboratory replicate analysis for each 

analyte is summarized in Table 1 l-2. 

Spike Analysis 

Spike analysis is performed to demonstrate the accuracy of an analysis. The analyst initiates the 

spike prior to sample preparation and analysis by adding a known amount of analyte(s) to a sample. 

The spike sample is carried through the entire analytical procedure. The frequency of spike analysis 

for each analyte(s) is summar ized in Table 1 l-2. 
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TABLE 11-2 

QA/QC ANALYSIS FREQUENCY * 

Metals 

Parameter Replicate Spike 

Liquids by flame AA or ICP 

Solids by flame AA or ICP 

All analyses by furnace AA 

10% 10% 

10% 10% 

10% ” 10% 

1 General Chemistry I I I 

I Cation Exchange Capacity 1 10% I 10% I 
Oil and Grease 10% 10% 

Total Organic Carbon 10% 10% 

Total Petroleum Hydrocarbons 10% 10% 
*For organic analyses see MS/MSD section. 

Surrogate Standards 

,:- 
Surrogate standard analysis is performed to monitor the preparation and analyses of samples. All 

samples and blanks analyzed by GUMS are fortified with a surrogate spiking solution prior to 

extraction or purging. Similarly, surrogate standards are added to samples, standards and blanks 

and analyzed by gas chromatography procedures to monitor the performance of the extraction, 

cleanup (when used) and analytical system. For example, two surrogate standards are used for the 

analysis of pesticide/PCBs by Method SW-846 8080. 

Internal Standards 

Internal standard analyses are performed to monitor system stability. Prior to injection or purging, 

internal standards are added to all blanks and samples analyzed by GUMS. 

Matrix Spike/Matrix Spike duplicates (MWMSD) 

Determines the accuracy and precision of certain analytical methods. Where appropriate, MS/MSDs 

,F- 

will be employed. For example, for GC and GUMS analyses of organic compounds a MS/h&SD are 

analyzed for every 20 samples of similar matrix. 
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11.3 Laboratorv Control Limits 

Prior to the analysis of actual samples, quality control checks are made (e.g., spike recoveries, 

duplicates, blanks) to determine that the precision and accuracy are within accepted control limits. 

For the analysis of volatile and semivolatile organics by gas chromatographic procedures, the process 

is described in Section 8.0 of SW-846 Method 8000. The acceptance criteria for precision and 

accuracy are given in the QC Acceptance Criteria tables at the end of each determinative method 

(e.g., Tables 6 and 8 in SW-846 Method 8240). 

Whenever an out-of-control situation occurs, the cause is determined. Any needed corrective actions 

are taken. 

Method Blanks 

For metals analyses, the following criteria are used for method blank analysis: 

0 If the concentration of the method blank is less than or equal to the detection level, __ 

no correction of sample results is performed. 

0 If the concentration of the blank is above the detection level for any group of 

samples associated with a particular blank, the concentration of the sample with the 

least concentrated analyte must be 10 times the blank concentration, or all samples 

associated with the blank and less than 10 times the blank concentration must be 

redigested (reprepared) and reanalyzed. 

The sample value is not corrected for the blank value unless, for AA and ICP analysis, a sufficient 

amount of sample is not available for reanalysis. In this case, the sample value is corrected for the 

blank value. 

For GUMS analyses, the following criteria are used for method blank analysis: 

.-. 
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,r-. 
0 A method blank for volatiles analysis must contain no greater than five times the 

detection limit of common laboratory solvents (common laboratory solvents are: 

methylene chloride, acetone, toluene, 2-butanone, and chloroform). 

0 A method blank for semivolatiles analysis must contain no greater than five times 

the detection limit of common phthalate esters. 

0 For all other compounds not listed above, the method blank must contain less than 

the detection limit of any single compound. If a method blank exceeds the criteria, 

the analytical system is considered to be out of control. The source of the 

contamination is investigated and appropriate corrective measures are taken and 

documented before sample analysis proceeds. All samples processed with a method 

blank that is out of control (i.e., contaminated) are reextracted/repurged and 

reanalyzed. 

Surrogate Standards 

For method blank surrogate standard analysis, corrective action is taken if any one of the following 

conditions exist: 

0 Recovery of any one surrogate compound in the volatile fraction is outside the 

required surrogate standard recovery limit. 

0 Recovery of any one surrogate compound in either of the semivolatile faction is 

outside surrogate standard recovery limits. 

Corrective action will include the following: 

0 A check of the calculations for errors; a check of the internal standard and surrogate 

spiking solutions for degradation, contamination, etc.; and a check of instrument 

performance. 
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0 Recalculation or reinjection/repurging of the blank or extract if the above corrective 
-- _ 

actions fail to solve the problem. 

l Reextraction and reanalysis of the blank. For sample surrogate standard analysis, 

corrective action is taken if any one of the following conditions exist: 

- Recovery of any one surrogate compounds in the volatile fraction is outside 

the surrogate spike recovery limits. 

Recovery of any one surrogate compound in either semivolatile fraction is 

below 10 percent. 

Recoveries of two or more surrogate compounds in either semivolatile 

fraction are outside surrogate spike recovery limits. 

Corrective action will include the following: 

0 A check of the calculations for errors; a check of the internal standard and surrogate 

spiking solutions for degradation, contamination, etc.; and a check of instrument 

performance. 

0 Recalculating or reanalysis of the sample or extract if the above corrective action 

fails to solve the problem. 

0 Reextraction and reanalysis of the sample if none of the above are a problem. 

11.4 Oualitv Assurance Review of Renorts, Plans, and SDecifications 

Prior to issuance of a final report, it is reviewed by knowledgeable members of the project staffor 

the Project Manager. This review addresses whether: 

0 The report satisfies the scope of work, client requirements, and pertinent regulatory 

requirements. -- 
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0 Assumptions are clearly stated, justified, and documented. 

l A reference is cited for any information utilized in report preparation that originated 

outside the project. 

0 The report correctly and accurately presents the results obtained by the work. 

0 The tables and figures presented in the report are prepared, checked, and approved 

according to requirements. 

0 The report figures are signed and dated by the appropriate members of the project 

staff and project management. 

0 The typed report has been proofread and punctuation, grammar, capitalization, and 

spelling are correct. 
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12.0 PERFORMANCE AND SYSTEM AUDITS 

A field audit may be conducted during the field investigation to verify that sampling is being 

performed according to the plan. The checklist provided in Table 12-1 is used for audits. At the 

appropriate time, the Project Manager will conduct field audits. A report will be submitted within 

30 calendar days of completion of the audit. Serious deficiencies will be reported within 24 hours 

of the time of discovery of the deficiency, including actions taken or to be taken to correct such 

deficiencies. 

The analytical subcontractor’s LQAP must describe the external and internal performance evaluation 

tests and audits required to monitor the capability and performance of the total measurement process. 

These include system audits as required by Federal and State regulatory agencies to obtain and 

maintain laboratory certifications, commercial clients with auditing programs, and subscription to 

commercial auditing agencies. In addition, performance audits such as USEPA’s Performance 

Evaluation Studies (drinking water and wastewater series), client sponsored performance evaluations, 

various government proficiency test samples to maintain laboratory certifications, and internal blind 

quality assurance samples should be discussed. In addition, the LQAP should define the acceptance 

criteria for the laboratory. 

Laboratories that participate in the CLEAN Installation Restoration Program are required to obtain 

NEESA approval. This process consists of on-site laboratory audits, submittal of the LQAP, 

monthly reports, and periodic analyses of performance evaluation samples. Baker’s responsibility 

is to ensure that the laboratory subcontractors selected have current NEESA certification. The 

NEESA Approval Process is described in the NEESA 20.2~047B document. 
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a”“- 13.0 PREVENTIVE MAINTENANCE 

13.1 Field Maintenance 

Preventative maintenance, including a list of critical spare parts, for the field instruments are given 

as the following SOPS in Appendix B: 

F202 - Water Level, Water-Product Level, and Well Depth Measurement 

F203 - Photoionization Detector (PID) 

F204 - Flame Ionization Detector (FID) 

F208 - Bacharach Combustible Gas/Oxygen Meter and Personal Gas Monitor 

13.2 Laboratorv Maintenance 

Preventive maintenance is an organized program of actions to prevent instruments and equipment 

from failing during use and to maintain proper performance of equipment and instruments. A 

comprehensive preventive maintenance program is implemented to increase the reliability of the 

measurement system. The preventive maintenance program addresses the following: 

0 Schedules of important preventive maintenance tasks that are carried out to 

minimize downtime. 

0 Lists of critical spare parts that are available to minimize downtime. 

The laboratory maintains histories, in instrument/equipment logs, of all major equipment. Trouble 

shooting, maintenance, and spare parts inventory are recorded in the logs. Instruments and 

equipment are maintained periodically according to SW-846, third edition requirements, 

manufacturer’s recommendation, and-/or service contracts. 

The modem analytical laboratory depends heavily upon instrumentation and equipment; therefore, 

cleaning and preventive maintenance are primary considerations in the sustained production of 

satisfactory data. Specific requirements for proper care of laboratory instrumentation and equipment 

are contained in the manufacturer’s instructions; however, some general guidelines are considered. 
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equipment are contained in the manufacturer’s instructions; however, some general guidelines are 

considered. 

,- 

0 Special precautions are taken to avoid spillage of corrosive chemicals on or around 

equipment and instrumentation not only to extend the life of the item, but also to 

eliminate contamination. 

0 Where available, covers are placed on instrumentation when not in use. 

0 Instrument parts are cleaned as required (i.e., mirrors, probes, detector cells). 

The analytical subcontractor has not been identified at this time. The LQAP for the selected 

laboratory should contain a section concerning Preventive Maintenance, which will include a spare 

parts list, as well as the source(s) of spare parts and repairs. 

13-2 



14.0 DATA MEASUREMENT ASSESSMENT PROCEDURES 

14.1 . Overall ProJect Assessment 

Overall data quality will be assessed by a thorough understanding of the data quality objectives 

which are stated during the design phase of the investigation. By maintaining thorough 

documentation of all decisions made during each phase of sampling, performing field and laboratory 

audits, thoroughly reviewing the analytical data as they are generated by the laboratory, and 

providing appropriate feedback as problems arise in the’ field or at the laboratory, data accuracy, 

precision, and completeness will be closely monitored. 

14.2 Field Ouality Assessment 

To assure that all field data are collected accurately and correctly, specific written instructions will 

be issued to all‘personnel involved in field data acquisition by the Project Manager. The: Project 

Manager will perform field audit(s) during the investigation to document that the appropriate 

procedures are being followed with respect to sample (and blank) collection. These audits will 

include a thorough review of the field books used by the project personnel to insure that all tasks 

were performed as specified in the instructions. The field audits will necessarily enable the data 

quality to be assessed with regard to the field operations. 

The evaluation (data review) of field blanks, and other field QC samples will provide definitive 

indications of the data quality. If a problem that can be isolated arises, corrective actions can be 

instituted for future field efforts. 

14.3 . &g&oratory Data Owhty Assessti 

As part of the analytical QA/QC program, the laboratory applies precision and accuracy criteria for 

each parameter that is analyzed. When analysis of a sample set is completed, QC data generated are 

reviewed and evaluated to ensure acceptance criteria are met. These criteria are method and matrix 

specific. 
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QA/QC data review is based on the following criteria: _- 

0 Method Blank Evaluation - The method blank results are evaluated for high 

readings characteristic of background contamination. If high blank values are 

observed, laboratory glassware and reagents are checked for contamination and the 

analysis of future samples halted until the system can be brought under control. A 

high background is defined as a background value suflicient to result in a difference 

in the sample values, if not corrected, greater than or equal to the smallest 

significant digit known to be valid. A method blank must contain no greater than 

two times the parameter detection limit for most parameters. 

0 Triu Blank Evaluation - Trip blank results are evaluated for high readings similar 

to the method blanks described above. If high trip blank readings are encountered 

(i.e. a value sufficient to result in a difference’ in sample values, if not corrected, 

greater than or equal to the smallest significant digit known to be valid), procedures 

for sample collection, shipment, and laboratory analysis are reviewed. If both the 

method and the trip blanks exhibit significant background contamination, the source 

of contamination is probably within the laboratory. Ambient air in the laboratory 

and reagents are checked as possible sources of contamination. 

- 

0 Standard Calibration Curve Verification - The calibration curve or midpoint 

calibration standard (check standard) is evaluated daily to determine curve linearity 

through its full range and that sample values are within the range defined by the low 

and high standards. If the curve is not linear, sample values are corrected. If 

average response factors are used to calculate sample concentrations, these factors 

are verified on a daily basis. Verification of calibration curves and response factors 

is accomplished when the evaluated response for any parameter varies from the 

calibrated response by less than ranges specified in Section 7.0. 

0 Dunlicate Samnle Analyses - Duplicate sample analyses are used to determine the 

precision of the analytical method for the sample matrix. Two types of duplicate 

samples are analyzed for this project, field and interlaboratory. Duplicate results are 

used to calculate precision as defined by the RPD. If interlaboratory duplicate 
_Y.- 
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values exceeds the control limit, the sample set are reanalyzed for the parameter in 

question. Precision limits are updated periodically following review of data. 

RPD = S(l) - 4-w) x 100 
A4 

Where: S( 1) is the result of sample 1 of duplicate pair 

S(2) is the result of sample 2 of duplicate pair 

M is the mean of S(1) and S(2) 

0 Reference Sample M - The results of reference sample analysis are compared 

with true values, and the percent recovery of the reference sample is calculated. If 

correction is required (excessive or inadequate percent recovery), the reference 

sample is reanalyzed to demonstrate that the corrective action has been successful. 

0 Surrogate Standard m - Surrogate standard determinations are performed on 

all samples and blanks for GUMS analyses. All samples and blanks are fortified 

with surrogate spiking compounds before purging or extraction to lmonitor 

preparation and analysis of samples. Recoveries must meet specific criteria. If 

acceptance criteria are not met, corrective action is taken to correct the problem and 

the affected sample is reanalyzed. 

0 Matrix Snike Analvses - The observed recovery of a spike added to a sample versus 

theoretical spike recovery is used to calculate accuracy as defined by the percent 

recovery (% R). If the accuracy value exceeds the control limit for the given 

parameter, the appropriate laboratory personnel are notified and corrective action 

is taken before the sample set is reanalyzed for the parameter in question. 

O/o R = - T-B x 100 
s 

Where: T is the total amount of analyte 

B is the background concentration of analyte 

S is the amount of analyte spiked into a sample or blank 
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For completeness, it is expected that the methodology proposed for chemical characterization of the 

samples will meet QC acceptance criteria for at least 95% of all sample data. To ensure this 

completeness goal, sample data that does not meet the established criteria will be recollected, 

reextracted, or reanalyzed. Completeness is the percentage of the total measurements made which 

are judged to be valid measurements. 

Data representativeness will be ensured through the use of appropriate analytical procedures, and 

analysis of samples performed within the allowed holding times. 

Comparability is a qualitative characteristic of the data. By using standard methods for sampling 

and analyses, data generated in past or future investigations will be comparable with this 

investigation data. 
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15.0 CORRECTIVE ACTION 

Corrective action is taken whenever a nonconformance occurs. A nonconformance is defined as an 

event which is beyond the limits established for a particular operation by the plan. Nonconformances 

can occur in a number of activities. Such activities include sampling procedures, sample receipt, 

sample storage, sample analysis, data reporting, and computations. 

The following personnel are responsible for detecting and reporting nonconformances: 

l Project Staff- during testing and preparation and verification of numerical analyses 

0 Laboratory Staff - during the preparation for analyses, performance of analytical 

procedures, calibration of equipment, and quality control activities 

15.1 Corrective Action 

P--Y Nonconformances are documented by the person originating or identifying it. Documentation 

includes the following: 

0’ Identification of the individual(s) originating or identifying the nonconformance 

l Description of the nonconformance 

l Any required approval signatures (initials) 

0 Corrective action taken 

0 Corrective action completion date 

Documentation of the nonconformance and corrective action taken is kept by the analyst and become 

part of the QA/QC files for the project. 

The NEESA contract representative (NCR), along with the contract project director, will be notified 

of a nonconformance and corrective action taken, if one of the following is true: 

0 A nonconformance causes a delay in work beyond the schedule completion date. 

0 A nonconformance affects information already reported. 
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l A nonconformance affects the validity of the data. 
.-. 

15.2 Limits of Oneration 

The limits of operation that are used to identify nonconformances are established by the contents of 

the plan and by control limits produced by statistical analyses. The quality control check samples 

must compare favorably to the published USEPA or laboratory method performance criteria. For 

example, the analytical process is out of control and unacceptable if the recovery value is outside the 

laboratory control limits established by analyzing many standards and performing a statistical 

analysis of the data. Generally, the control limits are set at *3 times the standard deviation. 

_-. 
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1”@- 16.0 QUALITY ASSURANCE REPORTING PROCEDURES 

The Project Manager will be responsible for assessing the performance of measurement systems and 

data quality related to the field investigation. A written record will be maintained of the results of 

laboratory QC reports and other periodic assessments of measurement, data accuracy, precision and 

completeness; performance and system audits; and any significant QA problems and recommended 

solutions. Each deliverable will contain a QA/QC assessment section. Also, a QAIQC assessment 

will be performed any time a significant problem is identified. A timetable for the project is 

presented in the Work Plan. 

The contractor’s Project Manager will keep in contact with the Navy Technical Representative and 

NSRR representatives through informal, verbal reports during the project as well as through monthly 

progress reports. These reports will include any changes in the QAPP. The final report for the 

project will include a separate QA section which s ummarizes data quality information contained in 

the periodic reports submitted to management and the client. 

All reports are managed and secured in accordance with Baker’s document control system (DCS). 

The documents to be managed by the DCS include CT0 work plans, cost estimates, design 

documents, data and reports generated by CT0 technical teams, results of laboratory analyses, 

agency file documents, QA reports and status reports. The DCS system also provides accountability 

for field documentation including such items as field logbooks, field data records, sample tags, chain- 

of-custody records, and photographs. 
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TABLE l-l 

SWMUdAOC MEDIA SUBJECT TO CORRECTIVE ACTION REQUIREMENTS 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

SWMU/AOC 

#l Former Cremator Disposal Site 
I#2 Langley Drive Disposal Site 

#3 Base Landfill 

#6 Building 145 

#7 Tow Way Fuel Farm 
#8 Tow Way Fuel Farm - Disposal Pits 

#9 Tank 212-217 Sludge Burial Pits 
#lO Substation 2iBldg. 90 

I #l 1 Old Power PlanUBlda. 38 

I  

Yes Yes Yes 
Yes Yes Yes 

Yes Yes Yes 

No 

Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Contingentc3) 
No 

Yes 

# 12 Fire Training Pit Oil/Water Separator 

#I3 Old Pest Control ShopMdg. 258 

# 14 Fire Training Pit Area 

No 

Contingent 

Contingent 

Yes 
Yes 

Yes 

No 

Yes 

No 

# 19 Bldg. 12 1 - Discarded Pesticide 
Storage Area 

#23 Oil Spill Separator Tanks 

#24 Oil Spill Oil/ 
Water Separator & Adjoining Pad 

/#25 DRMO Storage Yard 
#26 Building 544 Area 

#30 Former Incinerator 

Contingent Contingent 

Contingent Yes 

No Yes 

No 

No 

No 

Contingent 

First Phase 

First Phase 

No 

No 
Yes 

Yes 

No 

No 
Yes 

No 

No 

Yes 

No 

No ‘#3 1 Waste Oil Collection AreaMdg. 3 1 & 
2022 

#32 PWD Storage Yard/Battery Collection No 

#37 Waste Oil Storage AreaMdg. 200 No 

#39 Bldg. 3 158/ Former Battery Drain Area No 

Yes 

Yes 

Yes 

No 

No 

No - 
I  I  I  I  

#45 PCB Spill Area/ Old Power Plant I Yes I Yes I Yes I Full 1 
#46 Pole Storage Yard Covered Pad 

#5 1 New AIMD Storage Pad/ Bldg. 379 

AOC #B/ Bldg. 25 

No 

No 

Yes 

Yes 

No 

No 
I  I  1 I  

I Yes I Yes I No I Full i 
AOC #Cl Transformer Storage Pad 
AOC #D/Ensenada Honda Sediments 

No 
No 

Yes 
No 

No 

Yes 

Notes: (I) Full RFIs are conducted where releases were established during previous investigations. The purpose of 
the full RF1 is to determine the nature, rate, direction, and extent of hazardous waste or ham&us 
constituents. 

t2) The purpose of the first phase RF1 is to confirm any releases from these SWMUs and/or AOC. 

o) Contingent requirements are pending results of ongoing investigation or closure activities, 



TABLE 2-l 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Section of 
Material to be included in the DCQAP, per Draft Corrective Action Permit 

Module III, Appendix A, Section V 
DCQAP that 
Covers This 

Material 

B. Data Collection Quality Assurance Plan 

The Permittee shall prepare a plan to document all monitoring procedures: 
sampling, field measurements, and sample analysis performed during the 
investigation to characterize the environmental setting, source, and 
contamination, so as to ensure that all information, data and resulting decisions 
are technically sound, statistically valid, and properly documented. 

1. Data Collection Strategy 

The strategy section of the Data Collection Quality Assurance Plan shall 
include but not be limited to the following: 

Description of the intended uses for the data, and the necessary level 4.1.1 and4.1.2.2 
of precision and accuracy for these intended uses 

epresent a characteristic of a population, parameter 
at a sampling point, a process condition or an 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE 2-1 (Continued) 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Section of 
Material to be included in the DCQAP, per Draft Corrective Action Permit 

Module III, Appendix A, Section V 
DCQAP that 
Covers This 

Material 

assurance reports. The reports shou 

(3 Periodic assessment of measurement data accuracy, precision, 10.3 
and completeness 

(ii) Results of performance audits 10.3 and 12.0 

pling section of the Data Collection Quality Assurance Plan shall 

b. Providing a statistically suffkient number of sampling sites 4.1.4 and 4.2 

C. Measuring all necessary ancillary data 4.2 

d. Determining conditions under which sampling should be conducted 5.0 and SOPS 
FlOl, F102, F104, 

and F105 

e. Determining which media are to be sampled (e.g., groundwater, air, 4.1.3 
soil, sediment, etc.) 

f. Determining which parameters are to be measured and where 4.2 

g. Selecting the frequency of sampling and length of sampling period 4.2 

h. Selecting the types of sample (e.g., composites versus grabs) and 4.1.4 and 4.2 
number of samples to be collected 

i. Measures to be taken to prevent contamination of the sampling 5.0 and SOPS 
equipment and cross-contamination between sampling points F501 and F502 

j. Documenting field sampling operations and procedures, including 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE 2-1 (Continued) 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSUR+NCE PLAN MATERL4L 

Section of 
DCQAP that 
Covers This 

Material 

Material to be included in the DCQAP, per Draft Corrective Action Permit 
Module III, Appendix A, Section V 

SOP F30l (i) Documentation of procedures for preparation of reagents or 
supplies which become an integral part of the sample (e.g., 
filters and adsorbing reagents) 

(ii) Procedures and forms for recording the exact location and 
specific considerations associated with sample acquisition 

SOPS F302 and 
F303 

(iii) Documentation of specific sample preservation method 7.0 and SOPS 
F30 1 and F303 

8.1 and SOPS 
F202, F203, P204, 

and F208 

(iv) Calibration of field devices 

(v) Collection of replicate samples 11.2 and SOPS 
F302andF303 

(vi) Submission of field-biased blanks, where appropriate 11.2 and SOPS 
F302andF303 

SOP F303 (vii) Potential interferences present at the facility 

(viii) Construction materials and techniques, associated with 
monitoring wells and piezometers 

SOPS F103 zmd 
F303 

SOPS FlOl, F102, 
F104, FlOS, F301, 

and F303 

(ix) Field equipment listing and sample containers 

(x) Sample order 

(xi) Decontamination procedures 

SOPS FlOl, F102, 
F104, and F105 

SOPS F501 and 
F502 

7.0 and SOP I:301 k. Selecting appropriate sample containers 

1. Sample preservation 7.0 and SOP F301 

m. Chain- of- custody, including 

(i) Standardized field tracking reporting forms to establish sample 
custody in the field prior to and during shipment 

7.0 and SOP F302 

7.0 and SOP F302 (ii) Pre-prepared sample labels containing all information 
necessary for effective sample tracking 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE 2-l (Continued) 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Material to be included in the DCQAP, per Draft Corrective Action Permit 
Module 1II;Appendix A, Section V 

3. Field Measurements 

The Field Measurements section of the Data Collection Quality Assurance 
Plan shall discuss: 

a. Selecting appropriate field measurement locations, depths, etc. 

b. Providing a statistically suffkient number of field measurements 

C. Measuring all necessary ancillary data 

d. Determining conditions under which field measurements should be 
conducted 

e. Determining which media are to be addressed by appropriate field 
measurements (e.g., groundwater, air, soil, sediment, etc.) 

f. Determining which parameters are to be measured and where 

g * Selecting the fkequency of field measurement and length of field 
measurements period 

h. Documenting field measurement operations and procedures, including 

(i) Procedures and forms for recording raw data and the exact 
location , time, and facility-specific considerations associated 
with the data acquisition 

(ii) Calibration of,field devices 

(iii) Collection of replicate measurements 

(iv) Submission of field-biased blanks, where appropriate 

(v) Potential interferences present at the facility 

(vi) Construction materials and techniques associated with 
monitoring wells and piezometers used to collect field data 

(vii) Field equipment listing 

(viii) Order in which field measurements were made 

Note: SOPS referenced here appear in Appendix B of this document. 

Section of 
DCQAP that 
Covers This 

Material 

4.2 

4.1.4 and 4.2 

4.2 

5.0 and SOPS 
FlOl, F102, F104, 

and F105 

4.1.3 

4.2 

4.2 

SOP F303 

8.0 and SOPS 
F202, F203, F204, 

and F208 

11.2 and SOPS 
F302andF303 

11.2 and SOPS 
F302andF303 

SOP F303 

SOPS F301 and 
F303 

SOPS F301 and 
F303 

SOPS F101, F102, 
F104, F105, F201, 

and F402 



TABLE 2-l (Continued) 

,- 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Material to be included in the DCQAP, per Draft Corrective Action Permit 
Module III, Appendix A, Section V 

(ix) Decontamination procedures 

I 
4. Sample Analysis 

Section of 
DCQAP that 
Covers This 

Material 

SOPS F501 and 
F502 

The Sample Analysis section of the Data Collection Quality Assurance Plan 
shall specify the following: 

a. Chain-of-custody procedures, including @m . . .a . . . . . ..v. ..A 
(i) Identification of a responsible party to act as sample custodian 7.0 and SOP IF302 

at the laboratory facility authorized to sign for incoming field 
samples, obtain documents of shipment, and verify the data 
entered onto the sample custody records 

(ii) Provision for a laboratory sample custody log consisting of 7.0 and SOP lx 
serially numbered standard lab-tracking report sheets 

(iii) Specification of laboratory sample custody procedures for 7.0 and SOP I;302 
sample handling, storage, and dispersement for analysis 

b. Sample storage procedures and storage times 7.0 and SOP 1’301 

(iv) Replicate sample(s) 11.2 and 11.3 
--~I 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE 2-l (Continued) 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Section of 
Material to be included in the DCQAP, per Draft Corrective Action Permit 

Module III, Appendix A, Section V 
DCQAP that 
Covers This 

Material 

(v) Matrix-spiked sample(s) 11.2 and 11.3 

(vi) 11.2and 11.3 “Blind” quality control sample(s) _ _ 

(vii) Control charts 11.2 and 11.3 

(viii) Surrogate samples 11.2 and 11.3 

(ix) Zero and span gases 11.2and 11.3 

(x) Reagent quality control checks 11.2 and 11.3 

h. Preventive maintenance procedures and schedules 13.0 and SOPS 
F202, F203, F204, 

and F208 

i. Corrective action (for laboratory problems) 11.3 

j. Turnaround time 4.2 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE 3-1 

SWMUs REQUIRING FIRST PHASE RF1 

SWMU/AOC 
I 

Name 

6 Building 145 

10 Substation 2LBuilding 90 

12 Fire Training Pit Oil/Water Separator 

13 I Old Pest Shop/Building 258 

I Fire Training Pit Area 

I Oil Spill Separator Tanks 

I 24 
I 

Oil Spill Oil/Water Separator and Adjoining Pad 
I 

I DRMO Storage Yard 

I 26 
I 

Building 544 Area 
I 

I 30 
I 

Former Incinerator 
I 

I Waste Oil Collection Area/Buildings 3 1 and 2022 

I 32 
I 

PWD Storage Yard/Battery Collection Area/Building 3 1 
I 

I’ 37 I Waste Oil Storage Area/Building 200 

39 
I 

Building 3 158/Farmer Battery Drain Area 
I 

46 I Pole Storage Yard Covered Pad 

I 51 
I 

New AIMD Storage Pad/Building 379 
I 

I Transformer Storage Pad 

I Ensenada Honda Sediments 



I 

TABLE3-2 11 
Verrar May 1991 Wipe and Chip Sample Reeults 

Aroohlor. PC0 Cotwentr&on hmlm- 

RAlGTWOi SU 5U 5U 

RR16W17 0.5 u 0.5 u 0.5 u 

RR16Wf8 0.5 u 0.5 u 0.5 u 

RRl6WfQ 0.5 u 0.5 u 0.5 u 

RR16W20 0.5 u 0.5 u 0.5 u 

RR1 8W21 5u 5u SU 

RR1 8W22 0.5 u 0.5’ u 6s u 

RR1 8WP .0.5 u 0.5 u 0.5 u 

RR1 6W24 0.5 u 0.5 u _ 0.5 u 

RR1 6W29 0.5 u 0.5 u 0.5 u 

RR16W30 0.5 u 0.5 u 0.5 u 

RR1 6W31 0.5 u 0.5 u 0.5 u 

RR1 6W32 0.5 u 0.5 u 04u. 

RR16W33 0.5 u 0.5 u 0.5 u 

RRlGWOl 0.5 u 0.5 u 0.5 u 

RRf 6WO2 0.5 u 0.5 u 0.5l.l 

RRf6WO3 0.5 u ObU 0.5 u 

RR16WO4 0.5 u 0.5 u 0.5 u 

RR16WO5 0.5 u 0.5 u 0.5 u 

RR1 6WO6 0.5 u 0.5 u 0.5 u 

RR16W07 0.5 u 0.5 u 0.5 u 

RR1 8WO8 0.5 u 0.5 u 0.5 u 

RR1 6WO9 0.5 u 0.5 u 0.5 u 

RRfGWfO 0.5 u 0.5 u 0.5 u 

RRfGWf f 0.5 u 0.5 u 0.5 u 

5u 5U 10 u 1300 
I , ! II 

0.5 u 0.5 u 1u 
1 ‘QAl 

0.5 u 0.5 u 1u 
! III 

8.9 Y 

0.5 u 0.5 u 1u 1u 

0.5 u 0.5 u 1u 1u 

0.5 u 0.5 u 1u 1U 

0.5 u 0.5 u 1U 1U 

0.5 u 

0.5 u 1u 1u 

0.5 u 0.6 u 1u 1u 

0.5t.l 0.5u 1u 49 v  

0.5 u 0.5 u 1u 1u 1 

0.5 u 0.5 u 1u 1u 
II 

0.5 u t 0.5 u 1 1 U 1 9.2 It 

0.5 u 0.5 u 1 u 2.1 A 
II 

0.5 u Io.su Iru IfU II 
RR1 6W12 0.5 u 0.5 u 0.5 u 0.5 u 0.5 u fU f.Qi! 

-II 



TABLE 3-2 

Vuru May 1991 Wipe and Chip Sample Resulta 
Arochlor, PCB Concentration (w/m- 

RR16W13 0.5 u 0.5 u 0.5 u 0.5 u 0.5 u 1u IU II 
RRlBW14 0.5 u 0.5 u 0.5 u 0.5 u 0.5 u 1u 1u 

RR16W15 0.5 u 0.5 u 0.5 u 0.5 u 0.5 u 1u 1u 

‘e RRl6W16 0.5 u 0.5 u 0.5 u 0.5 u 0.5 u 1u 1u : 
._ 

II Arodrlor, PC8 Concentration 

RR1 6COl 0.0245 U 0.0245 u . 0.0245 u 0.0245 U 0.0245 u 0.049 u 0.45 . 

RR1 6CO2 0.0245 u 0.0245 u 0.0245 u 0.0245 u 0.0245 u O.o4%U 0.25 

RR16CO3 0.0245 u 0.0245 u - o.ou5 u 0.0245 u 0.0245 u 0.0245 u 1 
.- 

RR16COI 25U 25lJ 25 U 25U 2SU 49.5 u l,ooO 

RR1 6CO5 2.5 U 2.5 U 2.5 U 2.5 U 2.5u 4.95 u 43 

I RR1 6CO6 I 0.025 u I 0.0% u I 0.0% u I 0.025u 1 0.0% u 1 
a 

0.04% u 1 
1 

1.7 1 

Notes: 

U = Undetected; numeficei vatue Q one-half detecth hit. 
A = 
Y = 

S~gp8ts the preseoce d PCB in the quant#ath anPlyak, however, the resu# did r& cc&km in the secu&q a&y&. 
The mauh were repoftd frcm the ccntinnation analysis under SIngha point calibraljcn. 

Z= TheresukwererepMedbelcwthedetecticnfti. 



TABLE 4-l 

DEFINITIONS OF DATA QUALITY INDICATORS 

PREkISION A measure of mutual agreement among individual 
measurements of the same property, usually under 
prescribed similar conditions. Precision is expressed in 
terms of the standard deviation. Comparison of replicate 
values is best expressed as the relative percent difference 
(RPD). Various measures of precision exist depending 
upon the “prescribed similar conditions”. 

ACCURACY The degree of agreement of a measurement (or an average 
of replicate measurements), X, with an accepted reference 
or true value, T, expressed as the difference between the 
two values, X-T. Accuracy is a measure of the bias in a 
system. 

REPRESENTATIVENESS Expresses the degree to which data accurately and 
precisely represent a characteristic of a population, 
parameter variations at a sampling point a process 
condition, or an environmental concern. 

COMPLETENESS A measure of the amount of the valid data obtained from 
the measurement system compared to the amount that was 
expected under “normal” conditions. 

COMPARABILITY Expresses the confidence with which one data set can be 
compared with another. 

UNCERTAINTY The likelihood of all types of errors associated witlh a 
particular decision. 



TABLE 4-2 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAMS 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

6OO/M4-E2-020 

600/M4-E2-020 

Note: (1) List of Appendix IX parameters and method numbers presented on Table 9-l. 



TABLE 4-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGARAMS 

SWMUIAOC 
2 

3 

MEDIA 
Surface Water 

Groundwater 

Surface Soil 

Subsurface Soil 

Surface Water 

Sediment 

NUMBER OF 
SAMPLES ANALYSIS . ANALYTICAL METHOD 

3 (from surface Appendix IX (1) See (1) 
drainage) Explosives 8330 

Asbestos 6OO/M4-E2-020 
Hardness 130.2 

4 Appendix IX (1) See (1) 
Explosives 8330 
Asbestos 6OO/M4-E2-020 
PH 9040 
Specific Conductance 9050 
Temperature 170.1 

1 Corrective Measures Data: 
Eh -- 
Total Organic Carbon 415.1 
Chemical Oxygen Demand SM 5088 
Total Suspended Solids EPL 160.2 

16 Appendix IX (1) See (1) 
Explosives 8330 
Asbestos 6OO/M4-E2-020 

12 Appendix IX (1) See (1) 
Explosives 8330 
Asbestos 6OO/M4-E2-020 

5 (from leachate Appendix IX (1) See (1) 
breakout) Explosives 8330 

5 (from surface Asbestos 6OO/M4-E2-020 
drainage) Hardness 130.2 

17 (from bay) Appendix IX (1) 8240 
5 (from leachate Explosives 8250 

breakout) Asbestos 8080 
5 (from surface Total Organic Carbon 415.1 

drainage) 

List of Appendix IX parameters and method numbers presented on Table 9-l. 



TABLE 4-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGARAMS 

NUMBER OF 
SWMU/AOC MEDIA SAMPLES ANALYSIS ANALYTICAL METHOD 

3 Groundwater a Appendix IX (1) See (1) 
Explosives a339 
Asbestos 600/M4-E2-020 

PH 9040 
Specific Conductance 9050 
Temperature 170.1 

7 Sediment 5 Appendix IX (1) See (I) 
Total Organic Cation 415.1 

a Subsurface Soil 21 Total Petroleum Hydrocarbons Modified 6015 
9 Surface Soil 6 Volatiles a240 

Semivolatiles a270 
RCRA Metals SW646 
Total Petroleum Hydrocarbons Modified 8015 

ASTM D422 
ASTM 0696 

-- 

1) Appendix IX parameters and method numbers presented on Table 9-l. 



TABLE 4-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGARAMS 

SWMUIAOC 
9 

Ill45 

MEDIA 
Groundwater 

Concrete 
(Wipe Samples) 

Surface Soil 

Subsurface Soil 

Sediment 
(From Cooling 
Tunnels) 

Groundwater 

NUMBER OF 
SAMPLES ANALYSIS ANALYTICAL METHOD 

14 Volatiles 8240 
Semivolatiles 8270 
RCRA Metals SW-846 
PH 9040 
Specific Conductance 9050 
Temperature 170.1 
Total Petroleum Hydrocarbons Modified 8015 

1 Corrective Measures Data: 
Oil and Grease 413.1 
Total Suspended Solids 160.2 
PH 9045 
Eh -- 
Total Organic Carbon 415.1 
Chemical Oxygen Demand SW 5088 
Biological Oxygen Demand 405.1 
Nitrogen 350.2 
Phosphorous 365.2 

56 PCBs 8080 

4 Volatiles 8240 
Semivolatiies 8270 
PCBs 8080 
RCRA Metals SW-846 

8 Volatiles 8240 
Semivolatiles 8250 
PCBs 8080 
RCRA Metals SW-846 

17 Volatiles 8240 
Semivolatiles 8270 
PCBs 8080 
RCRA Metals SW846 

8 Volatiles 8240 
Semivolatiles 8270 
PCBs 8080 
RCRA Metals SW-846 

Note: (1) Appendix IX parameters and method numbers presented on Table 9-l. 



TABLE 4-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGARAMS 

NUMBER OF 
SWM UIAGC MEDIA SAMPLES ANALYSIS 

AOC B Surface Soil 7 Appendix IX (1) 
Asbestos 
Total Petroleum Hydrocarbons 

Subsurface Soil 10 Appendix IX (1) 
Total Petroleum Hydrocarbons 

1 Corrective Measures Data: 
Grain Size (hydrometer) 
Moisture Content 
Total Organic Carbon 
PH 
Eh 
Biological Oxygen Demand 
Chemical Oxygen Demand 
Humic Content 

Groundwater 3 Appendix IX (1) 
Total Petroleum Hydrocarbons 
PH 
Specific Conductance 
Temperature 

1 Corrective Measures Data: 
Eh 
Total Organic Carbon 
Chemical Oxygen Demand 
Total Suspended Solids 

6 Surface Soil 5 Appendix IX (1) 
Subsurface Soil 1 6 Appendix IX (1) 

6 Gki~l;mS stir kc.& i4gk.L i 
Note: (1) Appendix IX parameters and method numbers presented on Table 9-1. 

ANALYTICAL METHOD 
See (1) 

600/M4-E2-020 
Modified 8015 

See (1) 
Modified 8015 

ASTM 0422 
ASTM D698 

415.1 
904.5 

-- 
405.1 

SM 5088 
-- 

See (1) 
Modified 8015 

9040 
9050 
170.1 

__ 
415.1 

SM 5088 
160.2 

See (1) 
See (1) 



TABLE 4-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGARAMS 

I I NUMBERUF I I 
SWMUIAOC MEDIA SAMPLES 

10 Groundwater 4 
ANALYSIS ANALYTICAL METHOD 

Volatiles 8240 
Semivolatiles 8270 
PCB 8080 
PH 9040 

12 
I I lspecific Conductance I 9050 

Surface Soil I 4 IVolatiles 8240 

13 

14 

23 

24 

25 

Surface Soil 

Sediment 
Surface Soil 

Surface Soil 

Surface Soil 

Surface Soil 
Sediment 

Flu 
4 
5 
5 

2 

1 

9 
1 

Semivolatiles 8270 
PCB 8080 
Total Petroleum Hydrocarbons Modified 8015 
Appendix IX (1) See (1) 
Arsenic SW-846 
Appendix IX (1) See (1) 
Volatiles 8240 
Semivolatiles 8270 
PCBs 8080 
Total Petroleum Hydrocarbons Modified 8015 
Volatiles 8240 
Semivolatiles 8270 
Total Petroleum Hydrocarbons Modified 8015 
Volatiles 8240 
Semivolatiles 8250 
Total Petroleum Hydrocarbons Modified 8015 
Appendix IX (1) See (1) 

IADDendix IX (I) See (11 

Note: (1) Appendix IX parameters and method numbers presented on Table 9-l. 



26 
30 

31 

32 

37 

39 
46 

TABLE 4-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGARAMS 

Surface Soil 
Surface Soil 

5 Appendix IX (1) See (1) 
2 Appendix IX (1) See (I) 
3 Volatiles 8240 

I Semivolatiles 

Groundwater 
Surface Soil 

RCRA Metals SW-846 
2 Appendix IX see (1) 
4 Appendix IX See (I) 

I Bldg. 2022 [Total Petroleum Hydrocarbons 1 Modified 8015 
Subsurface Soil 1 8 IAppendix IX I See (1) 

Surface Soil 

Surface Soil 

Bldg. 2022 Total Petroleum Hydrocarbons Modified 8015 
4 Appendix IX (1) See (1) 

Bldg. 31 Total Petroleum Hydrocarbons Modified 8015 
4 Volatiles 8240 

I Semivolatiles 
I 

8270 
PCBs 8080 

I IRCRA Metals I SW846 
Subsurface Soil I 8 IVolatiles 8240 

Sediment 1 
Surface Soil 3 

Semivolatiles 8270 
PCBs 8080 
RCRA Metals SW646 
Appendix IX (1) See (1) 
Volatiles 8240 
Semivolatiles 8270 

Surface Soil 
Surface Soil 

PCBs 8080 
2 RCRA Metals SW846 
3 Appendix IX (1) See (1) 
9 Volatiles 8240 

I Semivolatiles I 8270 
PCBs 8080 

Subsurface Soil 
~RcRA Metals SW-846 

2 IAppendix IX (1) See (1) 
2 IVolatiles 8240 

Concrete 

Semivolatiles 8270 
PCBs 8080 
RCRA Metals SW846 

2 PCBS 8080 

Note: Appendix IX parameters and method numbers presented on Table 9-l. 



TABLE 4-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGARAMS 

51 

AOC C 

Background 

Surface Soil 

Surface Soil 

Concrete 
(Wipe Samples) 

Surface Soil 
Subsurface Soil 

Groundwater 

5 

3 
9 

12 

4 
8 
4 

Volatiles 
Semivolatiles 
Appendix IX (1) 
Volatiles 
Semivolatiles 
PCBs 
RCRA Metals 
PCBs 

Appendix IX (1) 
Appendix IX (1) 
Appendix IX (1) 

8240 
8270 

See (1) 
8240 
8270 
8080 

SW-846 
8080 

8240 
8080 

Note: (1) Appendix IX parameters and method numbers presented on Table 9-l. 



I  

TABLE 4-3 

QC ACCEPTANCE CRITERIA” 

,- 

Parameter 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon tetrachloride 

Chlorobenzene 

2-Chloroethylvinyl ether 

Chloroform 

Chloromethane 

Dibromochloromethane 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

1 , 1-Dichloroethane 

1,2-Dichloroethane 

1,l -Dichloroethene 

trans- 1 ,ZDichloroethene 

1,2-Dichloropropane 

cis-1,3-Dichloropropene 

trans- 1,3-Dichloropropene 

Ethyl benzene 

Methylene chloride 

1,1,2,2-Tetrachloroethae 

Tetrachloroethene 

Toluene 

1 1,l -Trichloroethane , 

1,1,2-Trichloroethane 

Range for Q Limits for s Range foriz Raw , P, FC 
wm bm (Pm cw 

12.8-27.2 6.9 15.2-26.0 37-151 

13.1-26.9 6.4 10.1-28.0 35-155 

14.2-25.8 5.4 11.4-31.1 45-169 

2.8-37.2 17.9 D-4 1.2 D-242 

14.6-25.4 5.2 17.2-23.5 70-140 

13.2-26.8 6.3 16.4-27.4 37-160 

D-44.8 25.9 D-50.4 D-305 

13.5-26.5 6.1 13.7-24.2 51-138 

D-40.8 19.8 D-45.9 D-273 

13.5-26.5 6.1 13.8-26.6 53-149 

12.6-27.4 7.1 11.8-34.7 IS-190 

14.6-25.4 5.5 17.0-28.8 59-156 

12.6-27.4 7.1 11.8-34.7 18-190 

14.5-25.5 5.1 14.2-28.4 59-155 

13.6-26.4 6.0 14.3-27.4 49-155 

10.1-29.9 9.1 3.7-42.3 D-234 

13.9-26.1 5.7 13.6-28.4 54-156 

6.8-33.2 13.8 3.8-36.2 D-210 

4.8-35.2 15.8 1.0-39.0 D-227 

10.0-30.0 10.4 7.6-32.4 17-183 

11.8-28.2 7.5 17.4-26.7 37-162 

12.1-27.9 7.4 D-41.0 D-22 1 

12.1-27.9 7.4 13.5-27.2 46-157 

14.7-25.3 5.0 17.0-26.6 64-148 

14.9-25.1 4.8 16.6-26.7 47-150 

15.0-25.0 4.6 13.7-30.1 52-162 

14.2-25.8 5.5 14.3-27.1 52-150 



TABLE 43 (Continued) 

QC ACCEPTANCE CRITERIA” 

Parameter 

Trichloroethene 

Trichlorofluoromethane 

Vinyl chloride 

Range for Q Limits for s 
hm hm 

13.3-26.7 6.6 

9.6-30.4 10.0 

O-8-39.2 20.0 

Range foriz 
(Mm 

18.5-27.6 

8.9-3 1.5 

D-43.5 

Range , P, ps 
w  

71-157 

17-181 

D-251 

Q = Concentration measured in QC check sample, in &L. 
s = Standard deviation of four recovery measurements, in pg5. 
5t = Average recovery for four recovery measurements, in ugfL. 
P, Ps = Percent recovery measured. 
D = Detected; result must be greater than zero. 

a) This table is taken from SW-846 Method 8240. 

Criteria were calculated assuming a QC check sample concentration of 20 &L. 



TABLE 4-4 

QC ACCEPTANCE CRITERIA” 

Parameter 

Acenaphthene 

Acenaphthylene 

Aldrin 

Antbracene 

Benzo(a)authracene 

- Test cont. 
WJA 

100 

100 

100 

100 

Limits for s 
hm 

27.6 

40.2 

39.0 

32.0 

Range for R 
mm 

60.1-132.3 

53.5-126.0 

7.2-l 52.2 

43.4-l 18.0 

Range , P, pjE 
(%I 

47-145 

33-145 

D-166 

27-133 

2-Chloronaphthalene 100 13.0 64.5-l 13.5 60-l 18 

4-Chlorophenyl phenyl ether 100 33.4 38.4-144.7 25-158 

Chrysene 100 48.3 44.1-139.9 17-168 

4-4’-DDD 100 31.0 D-134.5 D-145 

4-4’-DDE 100 32.0 19.2-119.7 4-136 

4,4’-DDT 100 61.6 D-170.6 D-203 

Dibenzo(a,h)anthracene 100 70.0 * D-199.7 D-227 

Di-n-butyl phthalate 100 16.7 8.4-l 11.0 1-118 

1,2-Dichlorobenzene 100 30.9 48.6-l 12.0 32-129 

1,3-Dichlorobenzene 100 41.7 16.7-153.9 D-172 



TABLE 4-4 (Continued) 

QC ACCEPTANCE CRITERIA’ 

Parameter 

1,4-Dichlorobenzene 

Test corm. Limits for s 
km him 

100 32.1 

Range fern 
Mm 

37.3-105.7 

Range , P, pS 
WI 

20-124 

3,3’-Dichlorobenzidine 100 71.4 8.2-2 12.5 D-562 

Dieldrin 100 30.7 44.3-l 19.3 29-136 

Diethyl phthalate 100 26.5 D-100.0 D-l 14 

Dimethyl phthalate 100 23.2 D-100.0 D-l 12 

2,4-Dinitrotoluene 100 21.8 47.5-126.9 39-139 

2,6-Dinitrotoluene 100 29.6 68.1-136.7 50-158 

Di-n-octylphthalate 100 31.4 18.6-131.8 4-146 
I  

Endosulfan sulfate 100 16.7 D-103.5 D-107 

Endrin aldehyde 100 32.5 D-188.8 D-209 

Fluoranthene 100 32.8 42.9-121.3 26-137 

Fluorene 100 20.7 71.6-108.4 59-121 

Heptachlor 100 37.2 D-172.2 D-192 

Heptachlor epoxide 100 54.7 70.9-109.4 26-155 

1 Hexachlorobenzene I 100 1 24.9 1 7.8-141.5 1 D-152 

I Hexachlorobutadiene I 100 I 26.3 1 37.8-102.2 1 24-l 16 

I Hexachloroethane I 100 I 24.5 1 55.2-100.0 1 40-l 13 

I Indeno( 1,2,3cd)pyrene 

I Isophorone 

I 100 I 44.6 I D-150.9 I D-171 

I 100 I 63.3 1 46.6-180.2 1 21-196 

Naphthalene 100 30.1 35.6-l 19.6 21-133 

I 100 1 39.3 1 54.3-157.6 1 35-180 I Nitrobenzene 

I N-Nitrosodi-n-propylamine I 100 I 55.4 1 13.6-197.9 1 D-230 

I PCB-1260 I 100 I 54.2 1 19.3-121.0 1 D-164 

I Phenanthrene I 100 I 20.6 1 65.2-108.7 1 54-120 

Pyrene 100 25.2 69.6-100.0 52-l 15 

I 1,2,4-Trichlorobenzene I 100 1 28.1 1 57.3-129.2 1 44-142 

I 4-Chloro-3-methylphenol I 100 I 37.2 1 40.8-127.9 1 22-147 

,- 



TABLE 4-4 (Continued) 

QC ACCEPTANCE CRITERIA” 

Parameter 
Test cont. 

I 
Limits for s 

hm hm 

I 2,CDinitrophenol I 100 1 ~~~~~~~~~ 49.8 

I 2-Methyl-4,6dinitrophenol I 100 I 93.2 

2-Nitrophenol 100 35.2 

4-Nitrophenol 100 47.2 

Pentachlorophenol 100 48.9 

Phenol 100 22.6 

2,4,6-Trichlorophenol 100 31.7 

Range forn 
@gn) 

Raw 9 P, F’s 
w-4 

36.2-120.4 1 23-134 I 

52.5-121.7 39-135 

41.8-109.0 32-119 

D-172.9 D-191 

53.0-100.0 D-181 

45.0-166.7 29-182 

13.0-106.5 1 D-132 1 

38.1-151.8 1 14-176 1 

16.6-100.0 1 5-112 I 
52.4-129.2 I 37-144 I 

s = Standard deviation of four recovery measurements, in pg./L. 
x = Average recovery for four recovery measurements, in PgiL. 
P, Ps = Percent recovery measured. 
D = Detected; result must be greater than zero. 

4 This table is taken from SW-846n Method 8270. 



TABLE 7-l 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR WATER SAMPLES 

Parameter 

Volatiles 

Semivolatiles 

Pesticides/PCBs 

Container 

Two 40-ml vials with teflon 
septum caps 

1 -liter amber glass bottle with 
teflon caps 

1 -liter amber glass bottle with 
teflon caps 

Preservation 

Cool to 4°C 
HCIpH 4 

Cool to 4°C 

Cool to 4°C 

Holding Time 

14 days 
(7 days if unpreserved) 

7 days to extraction 
40 days from extraction to 

analysis 

7 days to extraction 
40 days from extraction to 

analysis 

RCRA Metals 

PH 
Specific Conductance 

Temperature 

Total Petroleum Hydrocarbon 

Explosives 

l-liter polyethylene bottle 

N/A 

N/A 

N/A 

1 -liter amber glass bottle with 
teflon caps 

1 -liter amber glass bottle with 

HNO, to pH <2 

N/A 

N/A 

N/A 
Cool to 4°C 
HClpH <2 

Cool to 4°C 

Metals 180 days, 
Mercury 28 days 

Immediately 

Immediately 

Immediately 

28 days 

7 days to extraction 
teflon caps 40 days from extraction to 

analysis 

28 days 

28 days 

7 days 

6 months 

48 hours 

Total Organic Carbon 2x40 ml glass 

Chemical Oxygen Demand I-250 ml polyethylene bottle 

Total Suspended Solids l-500 ml polyethylene bottle 

Hardness 1 - 150 ml polyethylene bottle 

Asbestos 1 -liter glass bottle 

Cool to 4 “C 
H,SO, to pH -3 

Cool to 4°C 
H,SO, to pH <2 

Cool to 4°C 

HNO, to pH <2 

Cool to 4°C 

N/A - Not Applicable. 



TABLE 7-2 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR 

Parameter Container Preservation Holding Tie* 

Volatiles 2 x 120~ml wide-mouth glass Cool to 4°C 14 days 
vials 

Semivolatiles S-02 wide-mouth glass jar Cool to 4°C 14 days to extraction 
40 days from extraction to 

analysis 

Pesticides/PCBs 8-0~ wide-mouth glass jar Cool to 4°C 7 days to extraction 
40 days from extraction to 

analysis 

RCRA Metals 8-0~ wide-mouth glass jar Cool to 4°C Metals 180 days, Mercury 
28 days 

Cation Exchange Capacity 8-0~ glass jar with teflon liner Cool to 4 “C N/A 

Grain Size Distribution one 5-gal plastic bucket WA N/A 

Oil and Grease 8-0~ glass jar with teflon liner cod to 4°C 28 days 

Total Organic Carbon 8-0~ glass jar with teflon liner Cool to 4°C 28 days 

Total Petroleum Hydrocarbons 8-0~ glass jar with teflon liner Cool to 4°C 28 days 

* Holding time for CLP methods are based on validated time of sample receipt as stated in the CLP Statement of Work. 
Holding time for EPA SW-846 methods are based on the time of sample collection. 



TABLE 7-3 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR WIPE SAMPLES 

PCBs 

Container Preservation 

8-0~ wide-mouth glass jar Cool to 4 “C 

Holding Time 

7 days to extraction 
40 days fkom extraction to 

analysis 



TABLE 9-l 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits* 

Water I Low Soil 1 
Volatiles hi&) wk) Method Number 

Acetone 100 100 8240 

Acetonitrile 100 100 8240 

Acrolein 
I  I  I  

I 5 I 5 I 8240 1 

Acrylonitrile 

Methyl Chloride 

5 5 

100 100 

Benzene 5 5 

Bromodichloromethane 10 10 

Bromoform 5 5 

Bromomethane 10 10 

Carbon Disulfide 5 5 8240 

Carbon Tetrachloride 5 5 8240 

1 Chlorobenzene I 5 I 5 I 8240 I 

2-Chloro- 1,3-butadiene 5 5 8240 Chloroethane 10 10 8240 =I 
I 

Chlorodibromomethane 5 5 8240 

Chloroform 5 5 8240 

Chloromethane 10 10 8240 

3-Chloropropene 5 5 8240 

1,2-Dibromo-3-chloropropane 5 5 8240 

Dibromomethane 5 5 8240 

trans- 1,4-dichloro-2butene 100 100 8240 

Dichlorodifluoromethane 5 5 8240 

Dibromomethane 5 5 8240 

1,l -Dichloroethane 5 5 8240 

1,2-Dichloroethane 5 5 8240 

trans- 1 ,ZDichloroethylene 5 5 8240 

1, I-Dichloroethylene 5 5 

Dichloromethane 5 5 

1,2-Dichloropropane 5 5 8240 

cis-1,3-Dichloropropene 5 5 8240 

trans- 1,3-Dichloropropene 5 5 8240 

1,4-Dioxane 150 150 8240 



TABLE 9-1 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits* 

Water I Low Soil 
Volatiles I (Em I hYk3) I Method Number 

Ethyl benzene 5 5 8240 

Ethyl cyanide 100 100 8240 

Ethyl methacrylate ! 5 ! 5 ! 8240 

2-Hexanone 50 50 8240 

Iodomethane 5 5 8240 

Isobutyl alcohol 50 50 8240 

Methacrylonitrile 100 100 8240 

Methyl ethyl ketone 100 100 8240 

Methyl methacrylate 5 50 8240 

4-Methyl-2-pentanone 50 50 8240 

Pentachloroethane 10 10 8240 

Styrene 5 5 8240 

1 , 1,1,2-Tetrachloroethane 

1. I .2.2-Tetrachloroethane 

5 5 8240 

5 5 8240 

Tetrachloroethene 5 5 8240 

Toluene 5 5 8240 

1 , 1 , 1-Trichloroethane 5 5 8240 

1,1.2-Trichloroethane 5 5 8240 

Trichloroethene 5 5 8240 3 

Trichlorofluoromethane 5 NA 8240 

1,2,3-Trichloropropane 5 5 8240 

Vinyl Acetate 50 50 8240 

Vinyl Chloride 10 10 8240 

Xylene 5 5 8240 

* Quantitation limits listed for soil/sediment are based on wet weight. The quantitation limits calculated 
by the laboratory for soil/sediment, calculated on dry weight basis, will be higher. 



TABLE 9-1 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATJON LIMITS (CRQL) 

Quantitation Limits* 

Water I Low Soil 
Semivolatiles Q&-f-J 

Acenaphthene 10 
h3k) 

660 

Method Number 

8270 -i 
Acenaphthylene 

I  I  I  

I 10 I 660 I 8270 1 - - 

Acetophenone 

2-Acetylaminofluorene 

4Aminobiphenyl 

Aniline 

I I I 

I 10 I NA I 8270 I 
I  I  I  

I 20 I NA I 8270 1 

20 NA 8270 

10 NA 8270 --I 

Anthracene 

Aramite 

10 660 8270 

20 NA 8270 

Benzo(a)anthracene 10 660 8270 Benzo(b)fluoranthene 10 660 8270 --I 

I 10 I 660 I 8270 I Benzo(k)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(a)pyrene 10 660 8270 

Ben@ alcohol 20 1,300 8270 

I  I  I  

! 10 ! 660 ! 8270 

Bis(2-chloroethoxyl)methane 10 660 8270 

Bis(2-chloroethyl)ether 10 660 8270 

Bis(2-chloro-l-methyl ethyl)ether 10 660 8270 Bis(2-ethylhexyl)phthalate 10 660 8270 i 

4-Bromophenyl phenyl ether 10 660 8270 Butyl benzyl phthalate 10 660 8270 -I 
p-Chloroaniline 

Chlorobenzilate 
I 20 I 1,300 I 8270 I 

8270 I 
p-Chloro-m-cresol 20 1,300 8270 

2-chloronaphthalene 10 660 8270 

2-Chlorophenol 10 660 8270 

4-chlorophenyl phenyl ether 10 660 8270 

Chrysene 10 660 8270 

o,m,p-Cresol I 10 I 660 I 8270 I 
Diallate 

I  I  I  

I 10 I NA I 8270 ---I 

Dibenzofuran I 10 I 660 I 8270 I 
Di-n-butyl phthalate 

_ _ 

Dibenzo(a,h)anthracene 

I  

I 10 I 660 I 8270 --I 
I  I  I  

I 10 I 660 I 8270 1 



TABLE 9-l (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Semivolatiles 

Quantitation Limits* 

Water Low Soil 
Q.cG> wkz) Method Number 

1 o-Dichlorobenzene I 10 I 660 I 8270 

m-Dichlorobenzene 10 660 8270 

p-Dichlorobenzene 10 660 8270 

3,3’-Dichlorobenzidine 20 1,300 8270 

2,4-Dichlorophenol 10 660 8270 

2,6-Dichlorophenol 

Diethylphthalate 

10 NA 8270 

10 660 8270 

Dirnethoate 20 NA* 8270 

p-(Dimethylamino)azobenzene 10 NA 8270 

7,12-Dimethyl benz(a)anthracene 10 NA 8270 

3,3-Dhnethyl benzidine 10 NA 8270 

dimethylphenenthylarnine 10 NA 8270 

2,4dirnethylphenol 10 660 8270 

Dirnethyl phthalate 10 660 8270 

, m-Dinitrobenzene 20 NA 8270 

4,6-Dinitro-o-cresol 50 3,300 8270 

2,4-Dinitrophenol 50 3,300 8270 

2,4-Dinitrotoluene 10 660 8270 

2,6-dinitrotoluene 10’ 660 8270 

Di-n-octylphthalate 10 660 8270 

Diphenylamine 10 NA 8270 

Di-n-propyhritrosamine 

Ethyhnethanesulfonate 

10 NA 8270 

20 NA 8270 

1 Fluoranthene I 10 I 660 I 8270 

Fluorene 10 660 8270 

Hexachlorobenzene 10 660 8270 

Hexachlorobutadiene 10 660 8270 

Hexachlorocyclopentadiene 10 660 8270 

Hexachloroethane 10 660 8270 

Hexachloropropene 

Indeno(l,2,3-dclnvrene 

10 NA 8270 

10 660 8270 

Isodrin I 20 I NA I 8270 

- 



TABLE 9-1 (Continued) 

. 

METHOD PERFORMANCE LIMITS 
APPENDIX Ix COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Semivolatiles 

Isophorone 

Isosafrole 

Kepone 

MethapyriIene 

3-Methylcholanthrene 

Methyl methanesulfonate 

2-Methymaphthalene 

Naphthalene 

1,4-Naphthoquinone 

I-Naphthylamine 

2-Naphthylamine 

o-Nitroaniline 

m-Nitroaniline 

p-Nitroaniline 

Nitrobenzene 

o-Nitrophenol 

p-Nitrophenol 

4-Nitroquinolme- 1 -oxide 

n-Nitrosodi-n-butylamine 

n-Nitrosodiethylamine 

n-Nitrosodimethyllamine 

n-Nitrosodiphenylamine 

n-Nitrosomethylethylamine 

n-Nitrosomorpholine 

n-Nitrosopipe?iidine 

n-Nitrosopyrrolidine 

5-Nitro-o-toluidine 

Pentachlorbenzene 

Pentachloronitrobenzene 

Pentachlorophenol 

Phenacetin 

Phenanthrene 

Quantitation Limits* 

Water Low Soil 
wm ww 

10 660 

10 NA 

20 NA 

100 NA 

10 NA 

10 NA 

10 660 

10 660 

10 NA 

10 NA 

10 NA 

50 3,300 

50 3,300 

20 NA 

10 660 

10 660 

50 3,300 

40 NA 

10 NA 

20 NA 

20 NA 

10 660 

20 NA 

10 NA 

20 NA 

40 NA 

10 NA 

10 NA 

20 NA 

50 3,300 

20 ND 

10 660 

Method Number 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 

8270 



TABLE 9-1 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

I I Quantitation Limits* 

Water Low Soil 
Semivolatiles Mm w&4 Method Number 

Phenol 10 660 8270 

Phorate 10 NA 8270 

p-Phenylenediamine 10 NA 8270 

2-PicolinPronamidee 10 NA 8270 

Pvrene 10 , 660 8270 d I I I 

Pyridine I 10 I NA I 8270 

Safrole 10 NA 8270 

1,2,4,5-Tetrachlorobenzene 10 NA 8270 

2,3,4,6-Tetrachlorophenol 10 NA 8270 

o-Toluidme 10 NA 8270 

1,2,4-Trichlorobenzene 10 660 8270 

2,4,5-Trichlorophenol 10 660 8270 

2,4,6-Trichlorophenol 10 660 8270 

O,O,O-Triethyl-Phosphorotrioate 10 NA 8270 

sym-Trinitrobenzene 10 660 8270 

* Quantitation limits listed for soil/sediment are based on wet weight The quantitation limits calculated 
by the laboratory for soil/sediment, calculated on dry weight basis, will be higher. 



TABLE 9-l (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Pesticides 

AldIGl 

alpha-BHC 

beta-BHC 

delta-BHC 

Lindane 

Chlordane , 

4,4’-DDT 

4$-DDE 

4,4’-DDD 

Die&in 

Endosulfan I 

Endosulfan II 

Endosulfan sulfate 

Endrin 

Toxaphene 

Endrii Aldehyde 

Heptachlor 

Heptachlor epoxide 

Methyoxychlor 

Aroclor- 10 16 
Aroclor-1221 

Aroclor-1232 

Aroclor- 1242 

Aroclor- 1248 

Aroclor- 1254 

Aroclor- 1260 

Quantitation Limits(‘) 

Water Low Soil 
km Qmg) Method Number 

0.04 2.7 8080 

0.03 2 8080 

0.06 4 8080 

0.09 6 8080 

0.05 1.7 8080 

0.14 9.4 8080 

0.12 8 8080 

0.04 2.7 8080 

0.11 7.4 8080 

0.02 1.3 8080 

0.14 9.4 8080 

0.04 2.7 8080 

0.66 44 8080 

0.06 4 d 8080 

2.4 160 8080 

0.1 3.3 8080 

0.03 2 8080 

0.83 56 8080 

1.8 120 8080 

NA NA 8080 

NA NA 8080 

NA NA 8080 

0.65 44 8080 

NA NA 8080 

NA NA 8080 

NA NA 8080 

(1) Practical Quantitation Limits taken from “Test Methods for Evaluating Solid Wastes,” USEPA, SW-846, 
November 1986. 

NA = Not Available 



TABLE 9-l (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Dioxins (SW-846 Method 8280) 

PCDD’s 

PCDF’s 

2,3,7,8-TCDD 

” 

Quantitation Limits(‘) 

Water Low Soil 

Mm wk) 

0.01 NA 

0.01 NA 

0.005 
rc 

0.17 

Method Number 

8280 

8280 

8280 

- 



TABLE 9-l (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Practical Quantitation Limits 

Water I Soil/Sediment 

I Chlorinated Herbicides I WV I &i&9 I Method Number 
I 

2,4-Dichlorophenoxyacetic acid 12 804 8150 

Dinoseb 0.7 46.9 8150 

2.4.5-T 2 134 8150 . _ 

Silvex 
I I I 

I 1.7 I 11.4 I 8150 



TABLE 9-1 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

1 MethodNumber 1 Method Description 1 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

Vanadium 

zinc 

Cyanide 

Sulfide 

I  

6010 32 Inductively Cupled Plasma 

7060 1 AA Graphite Furnace 

6010 2 Inductively Coupled Plasma 

6010 0.3 Inductively Coupled Plasma 

6010 4 Inductively Coupled Plasma 

6010 7 Inductively Coupled Plasma 

6010 7 Inductively Coupled Plasma 

6010 6 Inductively Coupled Plasma 

7421 1 AA Graphite Furnace 

7470 0.2 Cold Vapor AA 

6010 40 Inductively Doupled Plasma 

7741 2 AA Graphite Furnace 

6010 7 Inductively Coupled Plasma 

7841 1 AA Graphite Furnace 

6010 1,000 Inductively Coupled Plasma 

6010 8 Inductively Cuopled Plasma 

6010 2 Inductively Coupled Plasma 

9010 5 Calorimetric 

9030 1,000 Titrimetric, Iodine 



TABLE 12-1 

SYSTEM AUDIT CHECKLIST - FIELD OPERATIONS 

Project No. 

Project Name & 
Location 

Team Members 

Date 

Name & Signature 
of Auditor 

Name & Signature of 

Yes 

Yes 

Yes No- 

Yes No- 

Yes 

Yes 

No- 

No- 

No- 

No- 

1. 

2. 

3. 

4. 

5. 

6. 

Field Team 

Is there a set of accountable field documents checked out to 
the Site Manager? 
Comments: 

Is the transfer of field operations from the Site Manager to 
field participants documented in a log book? 
Comments: 

Is there a written list of sampling locations and descriptions? 
Comments: 

Are samples collected as stated in the project plan or as 
directed by the Site Manager? 
Comments: 

Are samples collected in the type of container specified in the 
project plan or as directed by the Site Manager? 
Comments: 

Are samples preserved as specified in the project plan or as 
directed by the Site Manager? 
Comments: 



TABLE 12- 1 
SYSTEM AUDIT CHECKLIST - FIELD OPERATIONS 
PAGE TWO 

Yes 

Yes 

Yes No- 

Yes 

Yes 

Yes 

Yes 

Yes 

No- 

No- 

No- 

No- 

No- 

No- 

No- 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Are the number, frequency and type of samples collected as 
specified in the project plan or as directed by the Site 
Manager? 
Comments: 

Are the number, frequency and type of measurements taken as 
specified in the project plan or as directed by the Site 
Manager? 
Comments: 

Are samples identified with sample labels? 
Comments: 

Are blank and duplicate samples properly identified? 
Comments: 

Are sample and serial numbers for samples split with other 
organizations recorded in a log book or on a chain- of- custody 
record? 
Comments: 

Are samples listed on a chain-of- custody record? 
Comments: 

Is chain-of-custody documented and maintained? 
Comments: 

Are quality assurance checks performed as directed? 
Comments: 



TABLE 12- 1 
SYSTEM AUDIT CHECKLIST - FIELD OPERATIONS 
PAGE THREE 

Yes No- 15. Are photographs documented in logbooks as required? 
Comments: 

Yes No- 16. Are all documents accounted for? 
Comments: 

Yes No- 17. Have any doduments been voided or destroyed? 
Comments: 





Raymond P. Wattras 

Project Manager 

EDUCATION: University of Pittsburgh 
M.S., Public Works Engineering and Administration, 1993 
B.S., Environmental Biology, 1979 

EXPERIENCE: 

General Qualifications 

Mr. Wattras has over 13 years of experience in the environmental field, serving in the capacity of Project 
Manager for the past 10 years. This experience was gained under the Navy CLEAN Contract for the Atlantic 
Division, Naval Facilities Engineering Command (1991 - Present); the State of Pennsylvania’s General 
Technical Assistance Contract (1990); and EPA’s ARCS III (1989 - 1990), REM III (1986 - 1990), and 
REM/FIT Contracts (1984 - 1986). 

As a Project Manager, Mr. Wattras has managed multi-discipline teams in conducting CERCLA remedial 
investigations and feasibility studies (RI/FS), CERCLA Site Inspections, treatability studies, engineering 
evaluations, property assessments, and HRS scoring. Mr. Wattras is experienced in managing ismall to 
large- scale hydrogeologic investigations, soil investigations, surface water/sediment investigations, aquatic 
surveys, and waste characterizations. These studies have involved the investigation of the following: 
mercury disposal; floating petroleum product on groundwater; dissolved solvents in groundwater; disposal 
of listed wastes in soil; pesticide and PCB soil and sediment contamination; wood tar (PAHs) surface 
impoundments; metals in groundwater and soil; BTEX in soil and groundwater; PCB soil contamination; 
chemical agents (i.e., mustard, blister) in abandoned landfills; and ordnance identification and removal. 

Mr. Wattras has managed treatability studies and feasibility studies and has gained knowledge in the 
following areas: biological treatment systems; soil washing; thermal treatment; in- situ soil vapor 
extraction; groundwater collection; air sparging; soil removal and containment (capping); alternative water 
supplies; and stabilization. 

In addition, Mr. Wattras has management experience in the following areas: contract negotiations; 
preparation of Project Plans; preparation of technical specifications and procurement of drilling, analytical, 
aerial, and specialty (e.g., ordnance) subcontractors; data management; sample collection and analysis; 
technical report preparation; human health and ecological risk assessment; engineering analysis; health and 
safety; quality assurance/quality control; preparation of Proposed Remedial Action Plans (PRAP) and Record 
of Decision (ROD) documents, technical resource planning and guidance; budget and schedule monitoring; 
and administrative reporting. 
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Specific project management and relevant technical experience is outlined below. 

Specific Project and Program Management Experience 

l Mr. Wattras currently serves as the Deputy Program Manager for Baker’s Comprehensive Long- 
Term Environmental Action Navy (CLEAN) Program for the Atlantic Division, Naval Facilities 
Engineering Command. In this position, he assists the Program Manager in the overall management 
and administration of this lo-year, 100 million dollar contract. Under this contract, Baker provides 
engineering services in the areas of site characterization, risk assessment, engineering evaluations, 
treatability studies, spill prevention planning, air toxics inventories, tank management, and design. 
Mr. Wattras has recently been tasked with this assignment in January 1995. 

0 Mr. Wattras also serves as the Activity Coordinator for MCB Camp Lejeune, North Carolina, under 
the Navy CLEAN Program. As an Activity Coordinator, he is the focal point of contact between 
LANTDIV and Baker and oversees the management of over 30 contract task orders total 
approximately 18 million dollars. In this position, Mr. Wattras provides technical and contractual 
direction to six project managers and technical support staff who are responsible for implementing 
the contract task orders. Mr. Wattras is also involved with LANTDIV’s long-term planning with 
respect to adhering to the requirements of the Federal Facilities Agreement (FAA) established for 
this NPL Activity. This planning is accomplished via the preparation of a yearly Site Management 
Plan as required by the FFA. In addition, Mr. Wattras is a member of the MCB Camp Lejeune 
Partnering Team, which is comprised of representatives from LANTDIV, MCB Camp Lejeune, EPA 
Region IV, North Carolina DEHNR, and the RAC contractor. As an Activity Coordinator, Mr. 
Wattras participates in Technical Review Meetings and Public Meetings, as required. Mr. Wattras 
has served in this capacity for the last four years. 

0 Currently serves as the Activity Coordinator for NRTF Driver, Virginia. This Activity has been 
closed as part of the Base Realignment and Closure (BRAC) Program. Under the BRAC Program, 
areas of environmental concern must be investigated and remediated prior to transfer of property to 
private or public entities. As the Activity Coordinator, Mr. Wattras is LANTDIV’s primary contact 
for the various contract task orders involving site investigations, feasibility studies, and remedial 
design. In this position, Mr. Wattras provides project management oversight for six contract task 
orders. The various studies and design tasks are expected to be completed in late 1995. Mr. Wattras 
has served in this capacity since November 1994. 

0 Mr. Wattras has managed RI/FS projects for EPA Region III, the Pennsylvania Department of 
Environmental Resources (PADER), and the Department of the Navy. A summary of the types of 
projects managed by Mr. Wattras is given below. 

N Operable Unit No. 1, MCB Camp Lejeune, North Carolina - This operable unit consisted 
of three sites in a highly industrialized area of the base. An interim ROD was signed in 
1993 to begin remediation of TCE contamination in the shallow aquifer. The interim 
remedial action involved pumping wells to contain the migration of two solvent-based 
plumes, onsite treatment, and discharge via the Base’s SIP. In 1994, a final ROD was ,__ 
signed to focus on remediating the source areas. In addition, remediation of pesticide and 
PCB contaminated soil at one of the three sites will be conducted. Remediation was 
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initiated for the groundwater in late 1994. Remediation of soil is expected to commence in 
early 1995. 

- Operable Unit No. 2, MCB Camp Lejeune, North Carolina - This operable unit consisted 
of three sites. Two of the three sites involved random disposal (surficial and subsurface) 
of wastes including PCBs, pesticides, solvents, construction debris, batteries, and drums. 
The third site involved an active fire training facility. A removal action was conducted 
during the RI phase to remove surficial drums and buried drums which presented potential 
hazards to human health and the environment. The final ROD involved groundwater 
pumping and onsite treatment (300 gpm treatment facility), and the excavation and removal 
of soil contaminated with pesticides, PCBs, and PAHs. The RVFS and design phase were 
expedited and construction was initiated within 15 months following the signing of the 
ROD. 

Operable Unit No. 3, MCB Camp Lejeune, North Carolina - This operable unit consists of 
one site, which reportedly received mercury wastes. An extensive soil, groundwater, and 
surface water/sediment characterization study was performed as part of the RI. In addition, 
an ecological investigation consisting of a benthic, fish, and shellfish study was conducted 
to assess potential bioaccumulation of mercury. Based on the results of the RI, and the 
human health and ecological risk assessments, a No Action ROD was signed in 1993. 

Operable Unit No. 4, MCB Camp Lejeune, North Carolina - This operable unit consists of 
three former disposal areas which reportedly received chemical warfare materials (CWM), 
pesticide wastes, PCBs, and solvents. Currently, this project is in the FS stage. 
Remediation may be required at two of the three sites. One site is contaminated with high 
concentrations of solvents in groundwater. Treatability studies have been initiated to 
evaluate an innovative insitu technology called “in well aeration.” If successful, this 
remediation technique would treat the groundwater insitu without the costs of groundwater 
extraction and discharge. At the second site, onsite collection and treatment of two seeps 
contaminated with heavy metals may be required. However, remediation at this site is 
dependent on the results of the ecological risk assessment, which has not been finalized. 

Osborne Landfill Site, Mercer County, Pennsylvania - This 1 O-acre former landfill involved 
PCB contaminated soil and chlorinated organic groundwater contamination. Studies 
included soil characterizations via drilling and test pitting, geophysical investigations, 
groundwater studies of four potable water aquifers under the site, surface water/sediment 
investigations, bioassays to evaluate wetland sediments, and treatability studies to evaluate 
soil washing. The Record of Decision involved placement of a slurry wall around the 
landfill, construction of a cap, and groundwater remediation via pumping and onsite 
treatment. 

Croyden TCE Site, Bucks County, Pennsylvania - This site involved significant TCE 
contamination, including DNAPL, of a potable supply aquifer in the community of Croyden, 
Pennsylvania. The cause of the problem was believed to be from discharges from numerous 
facilities (chemical plants, dry cleaning, wood refinishing) in an industrial section of the 
community. Because several residential supply wells were found to be contaminated, an 
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interim remedial action for construction of an alternate water supply was implemented. The 
final ROD involved groundwater pumping and onsite treatment. Three phases of 
investigations were required due to the complexity of the site. 

Westline Site, Bradford County, Pennsylvania - This site involved historical disposal of 
wood tar wastes generated during the production of chemicals from wood. The final ROD 
involved the excavation and offsite incineration of over 5,000 cubic yards of wood tar/soil 
and long-term groundwater monitoring. The primary contaminants of concern in the wastes 
and soil involved PAHs. 

Saltvile Disposal Site, Virginia - This site involved the disposal of manufacturing wastes 
in a IO-acre surface impoundment. The contaminant of concern involved mercury 
contamination throughout the waste impoundment. The mercury was also detected in 
leachate and in downstream sediment and fish along an adjacent stream. The ROD involved 
leachate collection and treatment, and containment of the impoundment. Fishing advisories 
were also established. 

Provides technical support to the Atlantic Division, Naval Facilities Engineering Command in the 
preparation of Site Management Plans, which are required under the existing Federal Facilities 
Agreement. The SMPs identify upcoming investigations at the military installation, along with 
project milestones. The SMP addresses a planning period from FY 1992 through FY 2001. 

Managed CERCLA Site Inspections at eleven potential areas of concern where contamination may 
have been caused by past disposal practices. These projects involved the collection of samples from 
soil, groundwater, surface water, and sediment for determining whether an RI/FS is warranted, or 
no further action (delisting from the DON’s IR Program). 

Managed a Site Assessment for a two military construction (MCON) projects. These projects 
involved soil and groundwater investigations to assess the risk of undertaking construction activities 
at the sites. 

Managed the collection of information to undertake an HRS scoring of 11 Naval Activities. This 
project involved a significant level of coordination and data management to meet the Navy’s tight 
schedule with the EPA. 

Managed a site characterization of a jet fuel storage facility involving a hydrogeologic investigation 
and an investigation of the tank farm drainage system. The problem involved floating product on 
the groundwater as a result of historical overfilling. A product recovery system and soil removal 
alternative were implemented. 

Managed several projects assisting EPA with the technical oversight of site investigations and 
feasibility studies conducted by potentially responsible parties. Project tasks required the review 
of Project Plans, field oversight involving split sampling, and evaluation of technical reports. 

Field Sampling Experience 
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Under the EPA REM/FIT Contract, Mr. Wattras served as an environmental scientist by participating in 
numerous field investigative projects as a field team leader. Mr. Wattras was responsible for 
mobilizin&demobilizing equipment and personnel, coordinating field investigations and personnel, sampling 
and analysis, and reporting. 

As an associate engineer in the development of the effluent guidelines for the foundry industry (1982-1983), 
Mr. Wattras participated in the sampling of industrial (foundry) plant process waters, collection of process 
flow data, and evaluation of treatment processes. 

Community Relations 

0 Participated in the development of community relations plans for Superfimd Sites. 

l Provided technical support to the U.S. EPA (1986-1989) and the Department of the Navy during 
public meetings and technical review committee meetings. This support included describing 
proposed field operations plans, explaining the results of the remedial investigation, and describing 
potential alternatives for remediating the site. 

Additional Qualifications 

OSHA Health and Safety Courses for CERCLA Investigations (40-hour, 1984) (Supervisory, 1986) 
(8-hour refresher, 1993) 

Various Project Management Courses and Seminars 

Memberships 

HhJlCRI 

Presentations/Publications 

“Accelerated Remediation Under Navy CLEAN Through Partnering and Fast Track Design,” 1995 Federal 
Environmental Restoration Conference, Atlanta, Georgia. 

“Expedited Approach for Investigating Multiple Sites at Military Installations,” 1993 Federal Enviromnental 
Restoration Conference, Washington, D. C. 

“Characterization of Floating Product (Jet Fuel) in Groundwater at the GPIA,” Twenty- Third Mid-Atlantic 
Industrial Waste Conference (199 l), Pittsburgh, Pennsylvania. 

“Westline Site: Case Study of A Super-fund Site in the Allegheny National Forest,” Western Pennsylvania 
Water Pollution Control Association, Pittsburgh. 
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Date of Resume Revision: 1195 
Baker Date of Hire: 4190 
Years with Baker: 4 
Years with Other Firms: 11 



John W. Mentz 

Project Manager 

EDUCATION: Pennsylvania State University 
B.S., Geology, 1972 

EXPERIENCE: 

Geoeral Qualifications 

Mr. Menk is a Senior Project Manager with over 22 years experience in project and program management. -_ 
He has gained extensive experience and progressive responsibility in a variety of geotectiical areas, 
including evaluation and remediation of contamination of soil, surface water, and groundwater by hazardous 
and mining waste; geological investigations to assess/predict groundwater conditions, evaluate mining 
problems, and define coal and other mineral resources; underground well injection; inventories of various 
mining-related features with potential adverse health, safety, and environmental consequences; Iregulatory 
assessment and compliance; and impact assessments. His program and project management experience is 
summarized below: 

Specsc Experience 

0 Program Manager for Baker’s Comprehensive Long-Term Environmental Action Navy (CLEAN) 
Program, providing technical leadership, program and administrative guidance, and program- level 
quality assurance/quality control. The CLEAN Program was implemented to provide the Navy with 
comprehensive technical and administrative support for environmental activities in the areas of: 

Installation Restoration 
- Hazardous Waste Management and Regulatory Compliance 

Underground Storage Tank (UST) Program 
Spill Prevention Control and Countermeasures 
Emergency Spill Response 
Water Supply System/Sewage Treatment PIant Evaluations 

w Toxic Substance Control Act Compliance 
Solid Waste Management 
Air Toxics 
Program Administration 

Mr. Menk directs activities in all of these technical areas at Federal facilities (Navy, Marine Corps, 
Air Force, and Army) in the Mid-Atlantic states, Caribbean, Atlantic, Mediterranean, and IEuropean 
Countries for the Atlantic and Chesapeake Divisions, Naval Facilities Engineering Command. To 
date, more than 300 tasks ranging in size from $5,000 to $2.5M have been authorized. Mr. Menk 
has managed the performance of more than $45M in technical services under this contract in the last 
four years. 
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Project Manager for Environmental Baseline Survey at Hays Army Ammunition Plant, Hays, 
Pennsylvania, a Government-owned, contractor-operated shell casing production and storage 
facility. The survey included characterization of all media at the property, which included 
above-ground and underground storage tanks, the manufacturing plant, at wastewater treatment 
facility, transformer storage area, and 3,000 feet of railroad siding. 

Task Manager for soil, surface water and sediment characterization survey at the U.S. Department 
of Energy’s Pittsburgh Energy Technology Center. 

Project Manager for Installation Restoration Program Stage 2 Remedial Investigation at Dover AFB, 
Delaware. Conducted for the U.S. Air Force Occupational and Environmental Health Laboratory, 
this $1.8M program included 12 individual sites - - fuel spills/leaks, former landfill and construction 
rubble fills, fue trainiig areas, and hazardous material storage areas. 

Project Manager for Installation Restoration Program Remedial Investigation/Feasibility Study and 
UST Removal Program at Lowry AFB, Denver, Colorado. This $1.9M program included 7 sites - 
landfills, fire training areas, former coal and fly ash disposal areas, an auto hobby shop, and an UST 
area. 

At Lowry AFB, coordinated location and sampling of contents of 19 abandoned USTs. Managed 
completion of UST removal pre-design survey and preparation of draft plans and specifications for 
UST removal. 

- 

Project Manager for Installation Restoration Program Phase II, Stage 1 Conf%mation/ Quantification 
Study at Charleston AFB, South Carolina Ten sites here included landfills, hazardous material spill 
and storage areas, and PCB spill sites. 

Led the effort to develop and summarize potential site characterization costs for 81 mixed-waste 
CERCLA sites at DOE’s Hanford, Washington Reservation, and coordinated a prioritization and 
scheduling analysis of the Hanford CERCLA sites. 

Managed studies at several Superfund sites, including feasibility study field support for an industrial 
facility/Superfund site in southeastern Pennsylvania with contaminants emanating from leaking 
underground TCE and fuel oil storage tanks. 

Evaluated the feasibility of various alternatives for cleanup of TCE-contaminated soils and 
groundwater at an abandoned solvent recovery facility near Dover, Delaware. 

Participated in cleanup of TCE-contaminated soils via excavation and removal at one site, 
excavation and soil aeration (shredding) at another site. Both projects included pre- and 
post-remediation groundwater monitoring. 

Designed and completed a groundwater monitoring program at an industrial research facility to 
identify the presence and movement of contaminants toward two adjacent municipal pumping wells. __ 

Evaluated a subsurface gasoline spill and subsequent implementation of a recovery program. 
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AS Program Manager for a USEPAIODW, Groundwater Protection Branch technical support 
contract, Mr. Menk gained valuable experience with the Agency’s Underground Injection Control 
Program, which was initiated to ensure proper regulation of underground injection of both hazardous 
and no-us wastes. That contract provided technical and training support to EPA 
Headquarters and a number of the Agency’s regional offices. Mr. Menk coordinated all contract 
efforts and provided technical input during execution of tasks. 

Technical input on varied environmental studies, including dredge spoil disposal/shoreline 
reclamation, and water supply (reservoir siting). 

A broad range of studies designed and conducted by Mr. Menk were aimed at assessing surface 
water and groundwater resources to quantify mining-related pollutants (chemical and sediment), 
pinpoint sources of those pollutants and project pollution production potential, and recommend _ 
pollution abatement/control strategies. Such projects have included: 

Investigation of methods to improve performance of surface mine sedimentation basins. 

Technical and economic evaluation of available mine closure alternatives. 

Assessment of partial inundation of abandoned sections of underground mines to reduce 
pollution formation. 

- Portions of an O&e of Surface Mining “Abandoned Mined Lands Reclamation ControI 
Technology Handbooc which discussed mine draiige control and sealing of underground 
OpelliIlgS. 

e Investigation of a borehole dewatering system to control fracture-dominated groundwater 
inflow into active underground mines. 

Mr. Menk has extensive experience in planning and conducting inventories of various active and 
inactive mining-related features. He has conducted inventories of abandoned surface and 
underground coaI mines and resultant pollution, waste piIes, subsidence, and other hazardous features 
in Pennsylvanir West Virginia, Maryland, Ohio, Kentucky, and western Colorado (non-coal mines). 
Mr. Menk managed an inventory of active coal waste embankments in West Virginia, Maryland, 
Virginia, and Eastern Kentucky. He also coordinated a nationwide assessment of off-site 
coal-handling 5cilities. 

Mr. Menk led the team that developed content requirements and format guidelines of state 
abandoned mined land reclamation plans for the U.S. Office of Surface Mining in compliance with 
30 CFR 884.13. That effort included development of a model state plan to guide state reclamation 
agencies in the preparation of their state plans for OSM submission. 

Mr. Menk has extensive experience in the area of mineral resource evaluation. He has conducted 
or participated in many site-specific coal resource evaluations throughout Appalachia and in Texas. 
He also conducted analyses of all four Pennsylvania anthracite fields and a 3,700-square mile 
portion of central Pennsylvania’s bituminous coal fields. In addition, he has managed or participated 
in numerous non-coal resource evaluations at specific sites for limestone, sandstone, and uranium. 



Thomas C. Fuller, PG. 

Project Manager 

EDUCATION: St. Lawrence University 
B.S., Geology, 1973 

New York State University College at Oneonta 
Graduate Geology Courses 

REGISTRATION: Certified Professional Geologist - State of Indiana ##436 

EXPERIENCE: 

General Qusiifications 

Mr. Fuller has over 19 years of experience on a wide variety of geological/hydrogeological projects. 
Included in this experience is extensive project management of both very large projects (RCRA and 
CERCLA), and numerous smaller scale jobs. Specific projects/programs have included management of 
RI/FSs for both industry and government clients, review of RCRA Part B applications, review of CERCLA 
RI/FS and RCRA Facility Investigation (RFI) work plans, preparation of work plans for RI/FSs, RFIs, 
groundwater quality assessment programs and corrective action for solid and hazardous waste management 
units; management and performance of field investigations for geological, foundation, and/or groundwater 
conditions; construction management including administration of contracts, data reduction, and report 
preparation; and project management of personnel, schedules, and product. 

Administrative and technical management have been a part of duties for a period of over seven years, the first 
as a Section Manager and then as a Department Head, and now program administration support for a Navy 
CLEAN contract. In these capacities, responsibilities have included technical project input; project 
management; RCRA specialist consulting, personnel management; personnel acquisition; control of work 
loads and project flow; assignment of task managers, and technical support to junior staff 

Project Experience 

0 Project Manager and Activity Coordinator on the Navy CLEAN program through the U.13. Navy, 
Atlantic Division (LANTDIV). Performs technical QA/QC on program deliverables, manages 
individual CTOs, acts as Activity Coordinator for all CLEAN projects in Puerto Rico and the 
Washington Navy Yard and assists senior management in program and contract administration and 
Federal marketing. 

l Project Manager for CTOs under the CLEAN program addressing a wide variety of areas including 
PA/%, RI/F%, RFIs, and miscellaneous investigations of particular environmental problems. This 
role encompasses the full range of activities from project initiation, investigation, reporting and 
technical negotiations with the appropriate regulatory agencies. 
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Project Manager for a biological treatment program at Craney Island Fuel Farm for LANTDIV. 
Project involved a biological treatment cell that has remediated more than 70,000 cy of 
petroleum-contaminated soil using indigenous microbes enhanced by fertilizer and maintenance of 
optimal moisture content. Site has been permitted to receive other off-site, petroleum-contaminated 
sites. 

Project Manager for a full-scale RI,/FS in Watertown, New York, area. The project was a PRP lead 
(New York state-listed site) driven by a consent order. Included in the work were major 
investigatory phases (icluding dye tracing of aquifers, landfill drilling, monitoring well installation, 
geophysical investigations, ecological assessment) and performance of a full risk assessment and 
feasibility study leading to remedial design. The project contained three landfills, two former 
lagoons, five UST (both petroleum and hazardous waste) sites, and approximately 12 other potential 
areas of concern. Project management on this job included all client interface, negotiations with the 
agency, lead technical guidance, planning and tracking of field investigations, control of -, 
subcontracting and subcontractor performance, and management of all project personnel 
(approximately 10 to 15 at any one time). 

Project Manager for a number of smaller scale projects. Representative among these are: 

A limited RI/FS at the Niagara Falls AFB for a fire-training area; 
Multiple UST and UST-related projects; 
Environmental audits of existing industrial facilities; and, 
Multiple property assessments related to real estate transfers. 

Involvement in these project extends through client liaison, negotiation with lead agencies, active 
management of entire project or mentoring of junior staff and technically guiding task managers. 

Task Manager of an extensive hydrogeological site investigation at the Modem Landfill, Lewiston, 
New York. Project was in support of a major expansion as well as to bring the facility into fit11 
compliance with the appropriate NYSCRR Part 360 regulations. Included was the preparation of a 
work plan for state approval, installation of approximately 25 monitoring points (both piezometers 
and wells) and final reporting to the state. 

Responsible for preparing and presenting the groundwater portion of a three- day RCRA Orientation 
seminar. Seminar was designed for new state and EPA employees, especially permit writers, to 
acquaint them with the RCRA regulations and permitting process. Presentations were made to nearly 
all of the regions (in many cases, a number of times) during the course of the program. 

Project Geologist and Task Manager for Part B application review as part of the EPA RCRA 
Implementation Team. Responsible for technical evaluation of the groundwater portions of the 
application. Primary thrust of this program was the examination of submittals to determine, based 
on results of interim status monitoring and site hydrogeologic characterization information, whether 
the proposed/in- place groundwater program was appropriate as to type and capable ,of performing 
to the necessary level. Project included review of applications from commercial waste disposal 
facilities (surface impoundments, landfills), oil refineries (land treatment units), chemical plants, and 
large manufacturing facilities (waste piles) throughout the continental states and the Caribbean. Also 
included in work under this contract was the review of a number of RI/FS work plans for technical 
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adequacy, and the drafting of permanent status RCRA operating permits, including HSWA response 
items, for a variety of facilities. 

Primary reviewer of Hazardous and Solid Waste Amendments (HSWA) responses frolrn various 
facilities under the corrective action program. Activities included report review, identifcation of 
Solid Waste Management Units (SWMUs), preparation of RCRA Facility Assessme:nt reports 
(RFAs), performance of site inspections, and development of conclusions and recommendations for 
agency’s use in enacting/requiring possible corrective actions. 

Project Coordinator for a CERCLA Superfund site in eastern Ohio. Responsible for coordinating 
all communication among the EPA, OEPA, PRP group and the PRP group’s other technical 
consultant. Also served as project manager for a variety of technical aspects of the project including 
preparation of work plans, health and safety plans, quality assurance project plans, and engineering 
estimates of remedial alternatives. 

Project Manager/principal Investigator for a number of RCRA-driven groundwater quality 
assessment programs for industrial facilities. Duties include management of the plan from inception 
through completion including design of investigations, negotiations with appropriate agencies, 
direction of field program, data analysis, and reporting. 

Deputy Project Manager and Project Geologist for groundwater investigation work plan development 
at a major chemical plant in South Charleston, West Virginia. This plan was designed to assess 
groundwater conditions around two impoundments and an abandoned industrial landfill. 

Task Manager/Project Geologist for development of a groundwater investigation work plan at 
Bethlehem Steel’s Johnstown plant. The study was related to a large area containing numerous 
individual disposal areas including those used for spent pickle liquor, lime stabilized spent pickle 
liquor sludge, hot forming sludge, slag, and solid industrial waste. 

Field Investigations Leader for a study of radionuclide migration via groundwater for a Department 
of Energy site in Lewiston, New York. Activities,included well installation and sampling, geologic 
characterization, health and safety program compliance monitoring, and subsequent data reduction 
and analysis. 

Project Geologist for a TCE contaminant plume tracking investigation for a steel concern in 
Milwaukee, Wisconsin. Project involved well installation, groundwater sampling, review of 
analytical data, interpretation of results and subsequent report preparation. 

Project Geologist for a coal pile leachate study in Dunkiik, New York for Niagara Mohawk Power 
Corporation. Study included well installation and monitoring mandated by state agency for permit 
compliance. 

Project Geologist for a well instailation and monitoring program for Union Carbide, Chicago. Duties 
included field investigation, well installation and development, data reduction and report preparation. 
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l Project Geologist for a hydrogeologic/geologic investigation and ground movement instrumentation 
installation program at Terrapin Point, Niagara Falls for the New York State Parks and Recreation 
Commission. 

l Task Coordiiator for geologic data reduction and subsequent data presentation for a major geological 
investigation in the Middle East which included an 8,000-page final report 

0 Field Geologist for the initial siting studies for a UPH-CAES plan in Maryland which included a 
deep drilling program. 

l Writer of a geologic field manual for the 1620-MW Susitna hydroelectric project (winter 
investigation) for the Alaska Power Authority. 

0 FieId Investigations Leader on a groundwater and subsurface soils investigation for a hydroelectric .c 
facility on the Saranac River for New York State Electric and Gas. 

0 Site Project Engineer for the construction of $1.5 million emergency stabilization toe berms and 
horizontal drains for a uranium tailings dam in Uravan, Colorado for Union Carbide Corporation. 

0 Site Project Engineer for the Terrapin Point rock removal and viewing area restoration project for 
the New York State Parks and Recreation Commission, Niagara Falls. .̂ 

AFFILLATIONS 

ASTM Member (Committee D- 18) 



Christopher D. Boes, P.G. 

Senior Geologist 

EDUCATION: University of Pittsburgh at Johnstown 
B.S., Geology, 1979 

University of Pittsburgh 
Post Graduate Courses, Geology & Civil Engineering 

REGISTRATION: Professional Geologist, Pennsylvania, 1994 - ##699-G . 

EXPERIENCE: 

General QuaIifications 

Mr. Boes is a Senior Geologist with over I4 years of experience. The majority of this experience has been 
related to hazardous waste site investigations and geotechnical projects involving foundation parameters for 
highway construction, multi-story structures and wastewater treatment facilities. Other projects have 
included landslide remediation and dam reconstructions. 

Since joining Baker Environmental, Inc., Mr. Boes has been involved in the environmental characterization 
of various industrial sites along with evaluation and interpretation of hydrological test data from groundwater 
sampling events and investigations. 

Environmenta Site Assessments 

l Mr. Boes is the Senior Geologist and Site Manger for the remedial investigation of a creosote 
contaminated site for the Pennsylvania Department of Environmental Resources (PADER) under the 
General Technical Assistance Contract (GTAC). 

a Also for PADER under GTAC, Mr. Boes served as Project Geologist assisting in the design of a 
monitoring well network and aquifer pumping test and survey of soil gas in the vicinity of a dry 
ckaning business. 

l Project Geologist for another PADER GTAC Program site where he assisted in preparing the Work 
Plan for a remedial investigation at the site of a former service station. 

l Mr. Boes has served as both Project Manager and Project Geologist on several Phase I and II site 
investigations for a variety of properties and determined if potential liabilities existed due to past 
activities. Responsibilities included proposal preparation, project administration, field supervision, 
sample collection, data interpretation and report preparation. 
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0 Project Geologist for a Phase I site investigation in C&ton, Pennsylvania for Duquesne Light Co. 
Responsibilities included subcontract preparation, site inspection of drilling and test pits, 
groundwater sampling, and interpretation of hydrogeological and contaminant migration data. 

0 Project Manager for a Phase I site investigation for Chambers Development, Corp. in Pittsburgh, 
Pennsylvania. Mr. Boes developed and implemented a field investigation program to sample a 
former foundry for volatile organic compounds and metals contamination. Mr. Boes prepared the 
fmal report which was submitted to the client. 

0 Project Manager for a Phase I and soil&roundwater assessments related to a former truck fleet 
operations facility and former underground storage tanks for International Paper, Erie, Pennsylvania. 
Project involved the use of soil gas survey methods and installation of groundwater monitoring wells. 

l Project Geologist for a site investigation and remedial action feasibility study at lOOacre former Yz 
refinery and asphalt plant facility owned by SOHIO Oil Company. Responsibilities included 
groundwater sampling, slug tests, groundwater contouring, hydrogeologic calculations and 
assessment of contaminants found in site soils and groundwater. 

0 Project Geologist for subsurface investigation at LTV Steel Company’s Aliquippa, Pennsylvania 
plant, regarding ammonia contamination. Project included monitoring well installation and sampling, 
river sampling and performance of an aquifer pumping test. 

0 Project Geologist for preliminary assessment for potential residual landfill site for USSKobe Steel, 
Lorain, Ohio. Responsibilities included subcontract preparation, site activities, review of landfill 
regulations and preparation of report. 

0 Project Geologist for Phase I of a groundwater cleanup plan related to the feasibility study to close 
a former lagoon at U.S. Steel’s, Clairton, Pennsylvania plant. Responsibilities included preparation 
of subcontracts, installation of 18 monitoring wells, preparation of report and interaction with the 
Pennsylvania Department of Environmental Resources (PADER). 

RCRA Experience 

0 Project Geologist for environmental sampling and development of groundwater quality abatement 
and assessment plans under RCRA for two sites in Ohio for LTV Steel Company. 

0 Project Geologist for two sites in Pennsylvania and one site in Maryland for Bethlehem Steel Corp. 
Responsibilities included environmental sampling, development of groundwater quality abatement 
and assessment plans, analysis of active groundwater drawdown activities. 

0 Project Manager for ongoing RCRA Facility Investigation at Naval Station Roosevelt Roads, Puerto 
Rico. Project involved multiple sites within the station and included the sampling of surface soils, 
surface water/sediment and installation of monitoring wells. 
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CERCLA Experience 

0 Project Geologist at a Superfund site in Burlington County, New Jersey. Responsibilities inchrded 
preparation of a Phase II work plan, subcontract specifications and technical presentations related 
to capped landfill. 

0 On-site Coordinator for a USEPA Superfund site in Cecil County, Maryland. The project related 
to the remedial design of an extraction and treatment system for contaminated groundwater at a 
former sand and gravel quarry. Responsibilities included subcontract preparation, installation of 12 
monitoring wells, site clearing activities, groundwater sampling and performance of three aquifer 
pumping tests. 

Navy CLEAN Program 

0 Project Geologist for Remedial Investigation at Naval Radio Transmission Facility in Driver, 
Virginia. Responsible for installation of monitoring wells and the drilling of soil borings. Also 
responsible for report preparation. 

0 Project Geologist for Site Investigations at Naval Weapons Station Yorktown, Virginia. Responsible 
for development and sampling of monitoring wells, sampling of surface and shallow soil samples, 
and performance of well hydraulic conductivity tests. 

,- Geotechnical Experience 

0 Engineering Geologist for a project for Pennsylvania Department of Transportation (PADOT), 
District 1 l-0, I-279, Pittsburgh, Pennsylvania. Participated in design and stability of cut and fill 
slopes, Responsibilities included on-site coordination of up to seven drilling rigs, preparation of 
geologic cross sections and report preparation. 

0 Engineering Geologist for a 54-story office center for USS Realty, Pittsburgh, Pennsylvania. 
Responsible for the inspection of bulk blasting operations and determination of suitable foundation 
material. 

0 Engineering Geologist for mini subsidence events in Western Pennsylvania, West Virginia, Kentucb 
and Illinois for the Office of Surface Mining. Responsibilities included cost estimates, specification 
writing and on-site management. 

l Engineering Geologist for reconstruction of failing earthen dam for the Hazelton, Pennsylvania 
Water Authority. Responsibilities included on-site inspection, materials verification and construction 
management. 

0 Engineering Geologist for industrial contractor at American Float Glass, Kingsport, Tennessee. 
ResponsibIe for the inspection and materials verifications for the instaIlation of approximately 130 
auger-cast pilings. 



Barbara J. Cummings, I.H.I.T. 

Industrial Hygienist 

EDUCATION: Indiana University of Pennsylvania 
B.S., Environmental Health, minor in Safety Sciences, 1987 

CERTIFICATION: Certified as an Industrial Hygienist in Training (IHIT) by the American Board of 
Industrial Hygiene (ABIH) 

OSHA HAZWOPER Certified: 
40-hour Training 
8-hour Supervisory Training 
8-hour Annual Refresher Training 
Standard First Aid/Adult CPR Training 

EXPERIENCE: 

General Qualifications 

Ms. Cummings has broad industrial hygiene, environmental compliance, and safety experience in the 
manufacturing and consulting environment. Prior to joining Baker Environmental, Inc., she was elmployed 
by a Fortune 100 Manufacturing Company as an Industrial Hygienist, and Health and Safety Supervisor. As 
an Industrial Hygienist and Health and Safety Supervisor she was responsible for an in-house asbestos 
maintenance program, all industrial hygiene, environmental and safety programs related to OSHA and RCRA 
compliance. She has also worked with several local communities in areas related to safety and the 
environment. 

Ms. Cummings has attended seminars on hazardous waste site analysis, community right-to-know, spill 
response, incipient fire brigade training, indoor air quality, radiation safety, and an industrial hygiene 
comprehensive review course. She has completed 40-hour training and 8-hour supervisory training under 
OSHA Standard 29 CFR 19 10.120 (HAZWOPER), is certified in Standard First Aid and Adult CPR and has 
received trainiig on the X-Ray fluorescanner (XRF) analyzer training. Since August of 1991, 
Ms. Cummings has worked under the Navy CLEAN Contract as a Project Health and Safety Officer 
providing safety, industrial hygiene, and field operation/field sampling services, and as a Risk Asslessment 
specialist., conducting preliminary and baseline risk assessments for ElYCAs, PA&Is, and RT/FSs. 

Health and Safety Plan Development/Site Auditing 

0 . Develop Health and Safety Plans (HASPS) under the Navy CLEAN Contract for Underground 
Storage Tank Operations, Site Inspections, Remedial Investigations, and other field programs that 
cover a wide variety of safety and industrial hygiene concerns such as: chemical safety (nttmerous 
volatile, semivolatile, pesticide/herbicide, and metal constituents); physical safety (heavy equipment 
operations, confined space entry, and heat stress); and environmental safety (hazardous flora and 
fauna). 
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0 Provide field support for various RI field programs conducted in Virginia, North Carolina, and 
Puerto Rico, as a Site Health and Safety Officer, Field Team Leader, and Environmental Sampler. 

a Conduct periodic review of Health and Safety Plans submitted by Baker’s subcontractors under the 
CLEAN Program. 

0 Enhance the Medical Surveillance, Respiratory Protection, Hazard Communication and Training 
Programs within Baker. 

0 Perform site safety and health audits during remedial investigation activities. 

0 Provide extensive support in additional areas of the Navy CLEAN Contract, such as QA/QC of 
project plans, SOP development, safety program development, and risk assessment. 

Industrial Hygiene/Risk Assessment 

0 

a 

a 

0 

a 

0 

0 

0 

0 

l 

Reevaluated and revised plant Respiratory Protection Program including selection and use of 
equipment, qualitative fit- testing, program compliance, and training. 

Conducted noise surveys to evaluate employee exposure to new/redesigned packaging lines and 
process equipment, and evaluated Hearing Conservation Program, in an effort to enforce 
noncompliance areas through education and training. 

Conducted heat stress monitoring to evaluate employee safety in hot-processing environments. 

Routinely monitored employee exposure to grain dust, phosphine gas, and laboratory solvents in 
addition to, conducting experimental “area” and “personal” air monitoring for the carcinogenic 
bacteria aflatoxin, found in stored grains. 

Compared capture velocities for laboratory hoods and LEV systems to evaluate OSHA and ANSI 
compliance. 

Conducted audiometric exams under the supervision of a certified audiometric technician. 

Completely revised plant Hazard Communication Program, including: rewriting the current 
program; developing a training video for plant employees; managing MSDS inventory to control 
chemical use; and implementing a plant-wide MSDS control program. 

Responded to employee complaints on a regular basis to ensure a positive approach to a safe and 
healthful work environment. 

Responsible for evaluating personal protective equipment uses, to determine applicability to work 
situations, 

Worked with management and supervision to develop a Job Safety Analysis for all facility job 
postings, and conducted departmental safety audits to evaluate OSHA compliance. 
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l Responsible for conducting accident investigations and making recommendations for preventing 
future accidents, while working with plant contractors to maintain safe work practices according to 
plant policy, 

0 Redesigned employee work stations, including training, to improve ergonomic design and reduce 
injury. 

0 Worked with plant safety committee to resolve employee concerns. 

0 Responsible for conducting an extensive air monitoring program that monitored ambient perimeter 
locations surrounding a coal tar waste remediation site with the results of these analyses being 
entered into a health risk assessment model designed specifically for the project. Air monitoring 
concerns included volatile organic compounds (VOCs), polynuclear aromatics (PNAs), and1 selected 
metals. 

l Conducted several Baseline Risk Assessments and Risk Evaluations for sites under the Navy .- 
CLEAN contract, according to established EPA protocols and guidelines. 

Asbestos Program Management 

0 Served as the program manager for an extensive in-house asbestos maintenance program, and 
directed trained employees in the removal and maintenance of asbestos. 

0 

f---Y 

0 

l 

Served as project manager during large-scale abatement projects which included evaluating 
contractor bids, serving as an on-site industrial hygienist and assuring regulatory compliance. 
Remained “on- call” for emergency asbestos removal. 

Initiated the removal of asbestos- containing material (ACM) product inventory to reduce elmployee 
exposures. 

Conducted routine air monitoring to evaltite employee exposures and determine background levels 
plant- wide. 

Conducted extensive asbestos building inspections for public, private, and governmental 
organizations locally and abroad, that culminated in the development of project design specifications, 
work specifications, and overall program responsibilities. 

Worked with management personnel in developing the Department of Defense Dependents Schools’ 
(DODDS) AI-IBM reinspection format. 

Served as the on-site industrial hygienist for several small- and large-scale asbestos abatement 
projects. 

Environmental 

0 Responsible for submitting applications for permits to install (PTI) and permits to operate (IPTO) to 
local and state agencies for dust collection equipment emitting particulate to the ambient 
environment. 
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0 Responsible for SARA Title III compliance at a manufacturing facility and the submittal of annual 
reports. 

0 Supervised the removal of hazardous waste, i.e., PCBs, ignitable solvent wastes and mercury 
capacitors. 

l Assisted in the development of a manufacturing facilities SPCC plan. 

0 Revised/reevaluated NPDES permit to submit for renewal to the state agency. 

0 Served as the “contact person” at a manufacturing facility for all environmental concerns. 

Training 

0 Conducted a variety of training for labor and management personnel in the areas of: 

-- Asbestos Management Program 
-- Respiratory Protection 
-- Pesticide Application 
-- Hearing Conservation 
-- Safety Orientation 
-- Job Safety Analysis Development ._-. 
-- Accident Investigation 
-- Hazard Communication 

0 Conducted training sessions in multiple manufkturing facilities as a means of educating concerned 
personnel on a broad-range of asbestos issues. .< 

0 Developed and implemented a hazard communication training video directed towards employees at 
a specific plant location. 

PROFESSIONAL AFFILIATIONS: 

American Industrial Hygiene Association 
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BOREHOLE AND SAMPLE LOGGING 

1.0 PURPOSE 

This SOP provides general reference information and technical guidance on borehole and 

sample logging. Borehole logs provide information that is used in the determination of 

geological conditions, assessment of contaminant distribution, and the evaluation of remedial 

actions. 

2.0 SCOPE 

This SOP provides descriptions of the standard techniques for borehole and sample logging. 

These techniques shall be used to provide consistent descriptions of subsurface lithology for 

each boring that is logged. While experience is the only method to develop confidence and 

accuracy in the description of soil and rock, the field geologistlengineer may develop adequate 

classifications through careful, thorough observation and consistent application of the 

classification procedure. 

3.0 DEFINITIONS 

Soil classifications and terms are given in Sections 5.2 and 5.3. Rock classification and terms 

are presented in Section 5.4. 

4.0 RESPONSIBILITIES 

Project Manager - It is the responsibility of the Project Manager to ensure that field personnel 

responsible for borehole logging are familiar with these procedures. It also is the 

responsibility of the Project Manager to ensure that the appropriate documents (e.g., test 

boring logs, field logbooks, etc.) have been correctly and completely filled out by the &+lling 

inspector. 

Field Team Leader - The Field Team Leader is responsible for the overall supervision of the 

drilling and boring activities, and for ensuring that each borehole is completely logged by the 

responsible drilling inspector. The Field Team Leader also is responsible for ensuring that all 

drilling inspectors have been briefed on these procedures. 

.- 

,_-. 
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Drilling Inspector - The drilling inspector (site geologist) is responsible for the direct 

supervision of boring and sampling activities. It is the Drilling Inspector’s responsibilit,y to 

log each boring, document subsurface conditions, complete the appropriate forms, and direct 

the drilling crew (or drilling supervisor). 

6.0 PROCEDURES 

The classification of soil and rock is one of the most important jobs of a drilling inspector or site 

geologist. It is imperative that the drilling inspector understand and accurately use the field 

classification system described in this SOP to maintain a consistent flow of information. This 

identification is based on both visual examination and manual tests. The results of the boring 

activities, including soil and rock classifications, shall be recorded on a Field Test Boring 

Record (see Figure 1) or the field notebook. 

5.1 Test Borinp Record 

Each boring shall be fully described in a Field Test Boring Record (Figure 1). The drilling 

inspector shall log the boring, as it is being drilled, by recording relevant data on the Boring 

Record. It may be more appropriate to record the boring information in a bound field log book 

in cases where the information will not easily fit on the boring record. Field Test Boring 

Records may then be transcribed from the field log book, but must be completed at a minimum, 

on a weekly basis. The Field Test Boring Records must be completely filled out and signed 

prior to demobilization from the field activity. Field Test Boring Records must also be legible. 

Completed Field Test Boring Records shall be converted to report format using a Test Boring 

Record. An example of a completed Test Boring Record is provided in Attachment A. 

The data which is to be included on the Boring Records, when applicable is listed below. 

1. Project name, location, and Contract Task Order Number. 

2. Date(s). 

3. Identifying number and location of each boring. 

4. If required, soil classifications and associated depths in accordance with the Unified 
Soil Classification System (see Section 5.2 and Attachment B). These classifications 
will be noted in the field by the drilling inspector and revised, if necessary, based on 
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m pRo,TsEST BORING RECORD 
5.0. NO.:’ BORING NO.: 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

LIG: 
WATER 

SPLIT CORE PROGRESS DEPTH 
SPOON CASING AUGERS BARREL DATE V-0 WEATHER VT) TIME 

IZE (DIAM.) 

ENGTH 

YPE 

IAMMER WT. 

ALL 

TICK UP 

EMARKS: 

SAMPLE NPE 
5 = Split Spoon A =Auger 
T  = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Samp. 

Depth 
Samp’f Rec. sPT PID 

(Ft.) 
lype Ft 

Cyati 

and ’ or 
. (wm) 

RQO ;;& No. ,” 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM O-1586) (8lowslO.S’) 
RQD = Rock Quality Designation (%) 
lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab Moist. = Moisture Content (ASTM O-2216) Dry Weight Basis 

Visual Description Elevation 

I- 

2- 

3- 

1- 

5- 

6- 

?- 

B- 

9- 

O- Match to Sheet 2- 

_- 

DRILLING CO.: BAKER REP.: 
DRILLER: BORING NO.: SHEET 1 OF _2 
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SAMPLE TYPE 
S = Split Spoon A =Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
0 = De&on P = Piston 

N = NoSample 

Depth 
m.1 

ll- 

12- 

13- 

14- 

‘I 5- 

16- 

17- 

18- 

191 

20- 

21 A 

22- 

23- 

24- 

25- 

26- 

27 - 

28- 

29- 
I - 
P-r 

r yp;C 
and 
No. 

tab. 
Class. 

or 
Pen. 
Rate 

- 
DEFINIT!ONS 

SPT = Standard Penetration Test (ASTM D-1586) (Blows/OS’) 
RQD = RockQuality Designation (%) 
lab Class. = UXS (ASTM D-2487) or AASHTO (ASTM D-3282) 
bb Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

- 

Visual Description Elevation 

- 

- 

DRILLING CO.: BAKER REP.: 
DRILLER: BORING NO.: SHEET 2 OF! 
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laboratory analysis and review. Both field determined USCS soil classification and a 
soil description shall be included on the log. 

5. Depth limits, and the type and number of samples taken. 

6. The number of blows required for each six-inch penetration of a split-spoon sampler 
and for each la-inch penetration of casing. The percentage of sample recovered, 
hammer weight, fall length, and hydraulic pressures to push thin-walled tubes. 

‘7. Depth to water as first encountered during drilling operations, along with the method 
of determination. Any distinct water bearing zones shall also be delineated. 

8. Loss of drilling fluid and the interval over which loss occurred. 

9. Identification of equipment used, including type of drilling rig, auger types and sizes, 
etc. 

10. Start date and completion dates for the boring. 

11. Name of the drilling company and the driller. 

12. Size and length of the casing used in each hole. 

13. Observations of visual contamination. 

14. Field instrument readings (i.e., photoionization detector, organic vapor analyzer). 

As the boring is advanced, the inspector shall evaluate the samples and the cuttings to 

determine the location of each stratigraphic unit. The descriptions should contain color, 

grain-size, consistency moisture, etc., in addition to the USCS classification category 

(Section 53.7). 

Each sample collected for chemical or geotechnical analysis shall be handled as described in 

SOP #FlOZ. 

5.2 Soil Classification 

The data shall be recorded on a Field Test Boring Record, or in a field logbook. The method of 

deriving the classification should be described, or reference made to this SOP or other 

applicable manuals. Both the soil classification and the soil descriptions must be entered on 

the Field Test Boring Record. If required, the soil classification shall consist of the two-letter 

USCS classification; the soil description shall be much more detailed. 
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Where required, soils will be classified according to the Unified Soil Classification System 

(USGS). This method of classification is detailed in Attachment B and identifies soil types on 

the basis of grain-size and liquid limits, and categorizes them through the use of two letters. 

Although some laboratory testing is required for full USCS cl’assification, preliminary 

classifications may be made in the field. 

Fine-grained soils are smaller than the No. 200 sieve and are of two types: silt (MI and clay 

(0. Some classification systems define size ranges for these soil particles, but for field 

classification purposes, they are identified by their respective behaviors. Organic material (0) 

is a common component of soil but has no size range; it is recognized by its composition; peat is 

designated by “Pt.” Coarse-grained soils are divided into sand (S) or gravel (G). The careful 

study of the USCS will aid in developing the competence and consistency necessary for the 

classification of soils. 

/- 

The second letter of the two-letter USCS symbol provides information about the grain size 

distribution of granular soil, or the plasticity characteristics of fine-grained soils. These 

second letter modifiers are (P) poorly graded/well sorted, (W) well graded/poorly sorted, (C) 

clayey, (MI silty, (L) low plasticity, or (H) high plasticity. 

5.3 Soil Descriptions 

The Test Boring Records shall contain complete soil descriptions in addition to the two-letter 

USCS classification, if required. Soil descriptions include the following components: grain size 

identification with descriptive terms indicating the relative percentage of each grain size, 

color, consistency or relative density, moisture content, organic content, plasticity, and other 

pertinent observations such as visual contamination, HNu measurements, etc. A summary of 

the soil description components is given in Attachment C. 
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5.3.1 Grain Size Identification 

In nature, soils are comprised of varying size, shape, and combinations of the various grain 

types. The following terms are used to indicate soil grain size: 

Size Limits 

Cobbles 3-inches to la-inches 
Coarse gravel 3/4-inches to 3-inches 
Fine gravel 4.76 mm (# 4 sieve size) to 3i4-inches 
Coarse sand 2 mm (# 10 sieve size) to 4.76 mm 
Medium sand 0.42 mm (# 40 sieve size) to 2 mm 
Fine sand 0.074 mm (# 200 sieve size) to 0.42 mm 
Silt 0.002 mm to 0.074 mm 
Clay less than 0.002 mm 

The proportion of each grain size (by weight percent) is indicated using the descriptive terms: 

Trace 0 to 10 percent 
Little - 10 to 20 percent 
Some 20 to 35 percent 
And (or an adjective form of the grain size, i.e., sandy, silty, clayey) 35 to 50 percent 

Some examples of soil grain size descriptions are: 

l Silty fine sand: 50 to 65 percent fine sand and 35 to 50 percent silt. 

l Medium to coarse sand, some silt: 65 to 90 percent medium to coarse sand, 20 to 35 
percent silt. 

l Fine sandy silt, trace clay: 50 to 65 percent silt, 35 to 50 percent tine sand, and 0 to 10 
percent clay. 

The soil type may be classified as noncohesive, granular soils or as cohesive, fine-grained soils 

as discussed in Section 5.3.3. The grain shape of a soil usually does not need to be determined 

unless unusual or unique features are readily apparent. 

5.3.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a 

modifier to denote variations in shade or color mixtures. A soil could therefore be referred to 

as “gray” or “light-gray” or ‘blue-gray”. Since color can be utilized in correlating units 
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between sampling locations, it is important for color descriptions to be consistent between 

borings. 

Colors must be described while the sample is still moist. Soil samples shall be broken or split 

vertically to describe colors because sampling devices tend to smear the sample surface 

creating color variations between interior and exterior. 

The term “mottled” shall be used to indicate soil irregularly marked with spots of different 

colors. Soil color charts shall not be used unless specified by the Project Manager. 

6.3.3 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the drilling inspector first shall 

identify the soil type. Granular soils contain predominantly sands and gravels. These types of 

soil are noncohesive (particles do not adhere well when compressed). Conversely, fine-grained 

soils which contain predominantly silts and clays are cohesive (particles will adhere when 

compressed). 

The density of noncohesive, granular soils or the consistency of cohesive soils is classified 

according to standard penetration resistances obtained from split barrel sampling performed 

according to ASTM D-1586. Standard penetration resistance is the number of blows required 

to drive a split-barrel sampler with a two-inch outside diameter Winches into the material 

using a 140~pound hammer falling freely through 30-inches. In cases were geotechnical 

information is required, the standard penetration test is performed by driving the sampler 

through an l&inch sample interval, the number of blows will then be recorded for each six- 

inch increment. The density designation of granular soils is obtained by adding the number of 

blows required to penetrate the last 12 inches of the sample interval. It is important to note 

that if gravel and rock fragments are broken by the sampler, or ifrock fragments are lodged in 

the tip, the resulting blow count will be erroneously high, reflecting a higher density than 

actually exists. This must be noted on the Field Test Boring Record and referenced to the 

sample number. In cases where soil sampling for environmental analytical analysis is 

required, 24-inch spoon barrels canbe used in order to obtain a sufficient quantity of sample 

for required analysis. Accordingly, the second and third six-inch increments will be used to 

calculate the relative density. 
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The relative density designations for noncohesive soils are: 

Designation Standard Penetration Resistance (Blows Der Foot1 

Very loose Less than 4 
Loose 4to10 
Medium dense 10 to 30 
Dense 30 to 50 
Very dense Greater than 50 

The consistency of cohesive soils is also determined by blow counts as shown: 

Designation Standard Penetration Resistance (Blows per Foot) 

Very Soft 
soft 
Medium Stiff 
Stiff 
Very Stiff 
Hard 

Less than 2 
2to4 
4 to 8 
8to15 
15 to 30 
Over 30 

5.3.4 Moisture Content 

Moisture content is estimated in the field according to four categories: dry, damp, moist,, and 

wet: 

Desknation 

Dry 
Damp 
Moist. 
Wet 

Moisture Content 

0 to 10 percent 
10 to 20 percent 
20 to 35 percent 
35 to 50 percent 

DescriDtive 

Little/no perceptible moisture 
Some perceptible moisture - not compactable 
Compactable 
Above compactable range 

Little or no water should appear in dry soil. Wet soils appear to contain all the water they can 

possibly hold (i.e., saturated). Damp and moist are subjective. Laboratory tests for water 

content shall be performed if the natural water content is important. 
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5.3.5 Stratification 

Stratification can only be determined after the split-barrel sampler is opened. Typically, 

bedding thicknesses are described as follows: 

Designation Bedding &acing 

Indistinct 
Laminated 
Very thin 
Thin 
Medium 
Thick 
Massive 

No bedding apparent 
Less than l/a-inch 
l/2-inch to l-inch 
l-inch to &inches 
4-inches to l-foot 
l-foot to 3-feet 
Greater than three feet 

5.3.6 Texture/Fabric/Bedding 

The texture/fabric/bedding of a soil shall be described, where appropriate. Texture is 

described as the relative angularity of the soil particles: rounded, subrounded, subangular, 

angular. Fabric shall be noted as to whether the particles are flat or bulky and whether there 

is a particular relation or orientation. The bedding structure also shall be noted (e.g., 

stratified, lensatic, nonstratified, heterogeneous varved, etc.). 

5.3.7 Summary of Soil Descriptions 

In summary, soils shall be classified in a similar manner by each drilling inspector. The soil 

description shall include: 

a Soil grain size with appropriate descriptors 
0 Color 
l Relative density and/or consistency 
l Moisture content 
l Stratification 
l Texture/fabric/bedding 
l Other distinguishing features 

These descriptors are evaluated and the soil classified according the USCS system. All 

information, measurements and observations shall be legibly recorded on a Field Test Boring 

Record. 
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5.4 Sedimentarv Rock Classifications 

Rocks are grouped into three main divisions: sedimentary, igneous, and metamorphic. 

Sedimentary rocks are the most predominant type exposed at the earth’s surface. As such, this 

section will consider only classification of sedimentary rocks. Standard geologic references 

should be used for the complete classification of sedimentary, igneous and metamorphic rocks. 

For the purpose of completing the Field Test Boring Record in the field, sedimentary rocks 

should be classified using the following hierarchy: 

Rock type 
Color 
Bedding thickness 
Hardness 
Fracturing 
Rock Quality Designation 
Weathering 
Other characteristics 

5.4.1 Rock Type 

There are numerous names for sedimentary rocks such as sandstone, shale, siltstone, 

claystone, conglomerate, limestone, dolomite, coal, etc. The drilling inspector should select 

the most appropriate rock type based on experience. Some of the references listed in 

Section 7.0 provide a more complete discussion of sedimentary rock types. 

In addition to selecting a rock type, the drilling inspector should record the grain size (and 

composition of grains and cement, if apparent) on the Field Test Boring Record. The following 

designation should be used to describe grain size in sedimentary rocks: 

De&nation Grain Size Diameter 

Cobbles 
Pebbles 
Granules 
Very Coarse Sand 
Coarse Sand 
Medium Sand 
Fine Sand 
Very Fine Sand 
Silt 
Clay 

Greater than 64 mm (2.5~inches) 
4 mm (0.16-inches) to 64 mm 
2 mm (O.O%inches) to 4mm 
lmmto2mm 
05mmtolmm 
0.25 mm to 0.5 mm 
0.125 mm to 0.25 mm 
0.0625 mm to 0.125 mm 
0.0039 mm to 0.0625 mm 
Smaller than 9.0039 mm 
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For individual boundaries of grain size, a scale can be used for coarse-grained rocks. However, 

the division between silt and clay likely will not be measurable in the field. This boundary 

shall be determined by use of a hand lens. If the grains cannot be seen with the unaided eye, 

but are’distinguishable with a hand lens (5x magnification) the grain size is silt. If the grains 

are not distinguishable with a hand lens, the grain size is clay. 

5.42 Color 

The color of rock can be determined in a manner similar to that for soil samples. Rock cores or 

fragments shall be classified while wet, when possible. Rock color charts shall not be used 

unless specified by the Project Manager. 

5.4.3 Bedding Thickness 

The bedding thickness designation for soils (Section 5.3.5) shall also be used for rock 

descriptions. 

S.4.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical 

composition of the rock. A relative scale for sedimentary rock hardness follows: 

l Very Soft - Very soft indicates that the rock is easily gouged by a knife, easily 
scratched by a fingernail, and/or easily broken by hand 

l Soft - Soft indicates that the rock may be gouged by a knife, scratched by a fingernail, 
difficult to break by hand, and/or powders when hit by a hammer, 

l Medium Hard - Medium hard indicates that the rock is easily scratched by a knife 
and/or is easily broken when hit by a hammer. 

l Hard - Hard indicates that the rock is difficult to scratch with a knife but may be 
broken with a hammer. 

l Very Hard - Very hard indicates that the rock is difficult to break with a hammer. 

Note the difference in usage between the words “scratch” and “gouge”. A scratch shall be 

considered a slight depression in the rock while a gouge is much deeper. 
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5.4.5 Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or 

joint spacing. After eliminating drilling breaks, the average spacing is measured and is 

described by the following terms: 

l Very Broken - Less than a two-inch spacing between fractures 
l Broken - A two-inch to one-foot spacing between fractures 
a Blocky - A one-foot to three-foot spacing between fractures 
l Massive - A three-foot to ten-foot spacing between fractures 

5.4.6 Rock Quality Designation 

The structural integrity of the rock can be approximated by calculating the Rock Quality 

Designation (RQD) of cores recovered. The RQD is determined by adding the total lengths of 

all pieces exceeding four inches and dividing by the total length of core run: 

RQD (o/o) = r/l x 100 

Where: 

r = Total length of all pieces of the lithologic unit being measured, which are greater than 
four inches, and have resulted from natural breaks. Natural breaks include 
slickenslides, joints, compaction slicks, bedding plane partings (not caused by drilling) 
friable zones, etc. 

1 = Total length of core run. 

The results of the RQD calculations shall be recorded on the Field Test Boring Record. 

5.4.7 Weathering 

The degree of weathering is a significant parameter that is important in determining 

weathering profiles and also is useful in engineering designs. The following terms can be 

applied to distinguish the degree of weathering: 

l Decomposed - Soft to very soft, bedding and fractures indistinct, no cementation. 

l Highly weathered - very soft to soft, with medium hard relic rock fragments, little to 
moderate cementation. Vugs and openings in bedding and fracture planes, some of 
which may be filled. 
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l Weathered - Soft to medium hard. Good cementation, bedding and fractures are 
pronounced. Uniformly stained. 

l Slightly weathered - Medium hard. Fractures pronounced, nonuniform staining, 
bedding distinct. 

l Fresh - Medium hard to hard. No staining. Fractures may be present, bedding may or 
may not be distinct. 

5.4.8 Other Characteristics 

The following items should be included in rock description, where applicable: 

l Description of contacts between rock units (sharp or gradational) 
l Stratification 
l Description of any filled cavities 
l Cementation (calcareous, siliceous, hematitic, etc.) 
l Description of joints and open fractures (with strike and dip, if possible) 
l Observation of the presence of fossils 

5.4.9 Additional Terms 

The following terms also are used to further identify rocks: 

l Seam - thin (12~inches or less), probably continuous layer. 

l Some - Indicates significant (15 to 40 percent) amounts of an accessory material. 

l Few - Indicates insignificant (0 to 15 percent) amounts of an accessory material. 

l Interbedded - Indicates thin or very thin alternating seams of material occurring in 
approximately equal amounts. 

l Interlayered - Indicates thick alternating seams of material occurring in 
approximately equal amounts. 

6.0 QUALITY ASSURANCE RECORDS 

Quality Assurance Records shall consist of completed Field Test Boring Records and Test 

Boring Records. 

,-- 
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SOIL AND ROCK SAMPLE ACQUISITION 

1.0 PURPOSE 

The purpose of this procedure is to describe the handling of rock cores and subsurface soil 

samples collected during drilling operations. Surface soil sampling also is described. 

2.0 SCOPE 

The methods described in this SOP are applicable for the recovery of subsurface soil and rock 

samples acquired by coring operations or soil sampling techniques such as split-barrel 

sampling and thin-walled tube sampling. Procedures for the collection of surface soil samples 

also are discussed. This SOP does not discuss drilling techniques or well installation 

procedures. ASTM procedures for “Penetration Test and Split-Barrel Sampling of Soils,” 

“rhin-Walled Tube Sampling of Soils,” and “Diamond Core Drilling for Site Investigation” 

have been included as Attachments A through C, respectively. 

3.0 DEFINITIONS 

Thin-Walled Tube Sampler - A thin-walled metal tube (also called Shelby tube) used to 

recover relatively undisturbed soil samples. These tubes are available in various sizes, 

ranging from 2 to 5 inches outer diameter (O.D.) and 18 to 54 inches length. A stationary 

piston device is included in the sampler to reduce sample disturbance and increase recovery. 

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by 

threaded collars at either end of the tube. Also called a split-spoon sampler, this device can be 

driven into unconsolidated materials using a drive weight mounted on the drilling string. A 

standard split-spoon sampler (used for performing Standard Penetration Tests) is two inches 

O.D. and 1-3/8-inches inner diameter (I.D.). This standard spoon is available in two common 

lengths providing either 20-inch or 26-inch internal longitudinal clearance for obtaining 18- 

inch or 24inch long samples, respectively. 

Grab Sample - An individual sample collected from a single location at a specific time or period 

of time generally not exceeding 15 minutes. Grab samples are associated with surface water, /-- 
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groundwater, wastewater, waste, contaminated surfaces, soil, and sediment sampling. Grab 

samples are typically used to characterize the media at a particular instant in time. 

Composite Samples - A sample collected over time that typically consists of a series of discrete 

samples which are combined or “composited”. Two types of composite samples are listed 

below: 

a Area1 Composite: A sample collected from individual grab samples collected on an 

area1 or cross-sectional basis. Area1 composites shall be made up of equal volumes of 

grab samples. Each grab sample shall be collected in an identical manner. Examples 

include sediment composites from quarter-point sampling of streams and soil samples 

from grid points. 

l Vertical Composite: A sample collected from individual grab samples collected from a 

vertical cross section. Vertical composites shall be made up of equal volumes of grab 

samples. Each grab sample shall be collected in an identical manner. Examples 

include vertical profiles of soil/sediment columns, lakes and estuaries. 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that, where applicable, 

project-specific plans are in accordance with these procedures, or that other approved 

procedures are developed. Furthermore, the Project Manager is responsible for development 

of documentation of procedures which deviate from those presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the 

specific sampling techniques and equipment to be used, and documenting these in the 

Sampling and Analysis Plan. It is the responsibility of the Field Team Leader to ensure that 

these procedures are implemented in the field and to ensure that personnel performing 

sampling activities have been briefed and trained to execute these procedures. 

Drilling Inspector - It is the responsibility of the drilling inspector to follow these procedures, 

or to follow documented, project-specific procedures as directed by the Field Team Leader 

and/or the Project Manager. The Drilling Inspector is responsible for the proper acquisition of 

rock cores and subsurface soil samples. 
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Sampling Personnel - It is the responsibility of the field sampling personnel to follow these 

procedures, or to follow documented, project-specific procedures as directed by the Field Team 

Leader and/or the Project Manager. The sampling personnel are responsible for the proper 

acquisition of samples. 

5.0 PROCEDURES 

Subsurface soil and rock samples are used to characterize the three-dimensional subsurface 

stratigraphy. This characterization can indicate the potential for migration of contaminants 

from various sites. In addition, deftition of the actual migration of contaminants can be 

obtained through chemical analysis of subsurface soil samples. Where the remedial activities 

may include in-situ treatment, or the excavation and removal of the contaminated soil, the 

depth and area1 extent of contamination must be known as accurately as possible. 

Surface soil samples serve to characterize the extent of surface contamination at various sites. 

These samples may be collected during initial site screening to determine gross contamination 

levels and levels of personal protection required as part of more intensive field sampling 

activities, to gather more detailed site data during design, or to determine the need for, or 

success of, cleanup actions. 

Site construction activities may require that the engineering and physical properties of soil 

and rock be determined. Soil types, bearing strength, compressibility, permeability, 

plasticity, and moisture content are some of the geotechnical characteristics that may be 

determined by laboratory tests of soil samples. Rock quality, strength, stratigraphy, 

structure, etc. often are needed to design and construct deep foundations or remedial 

components. 

5.1 Subsurface Soil Samples 

This section discusses three methods for collecting subsurface soil samples: (1) split-spoon 

sampling; (2) Shelby tube sampling, and, (3) bucket auger sampling. All three methods yield 

samples suitable for laboratory analysis. Copies of the ASTM procedures for split-spoon 

sampling and Shelby-tube sampling are provided in Attachments A and B, respectively. /---- 
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5.1.1 Split-Barrel (Split-Spoon) Sampling 

The following procedure8 are to be used for split-spoon, geotechnical soil sampling: 

1. Clean out the borehole to the desired sampling depth using equipment that will ensure 
that the material to be sampled is not disturbed by the operation. 

2. Side-discharge bits are permissible. A bottom-discharge bit should not be used. The 
process of jetting through the sampler and then sampling when the desired depth is 
reached shall not be permitted. Where casing is used, it may not be driven below the 
sampling elevation. 

3. The two-inch O.D. split-barrel (not for geotech) sampler should be driven with1 blows 
from a 140pound hammer falling 30 inches in accordance with ASTM DM86-84, 
Standard Penetration Test. 

4. Repeat this operation at intervals not longer than 5 feet in homogeneous strata, or as 
specified in the Sampling and Analysis Plan. 

5. Record on the Field Test Boring Record or field logbook the number of blows required 
to effect each six inches of penetration or fraction thereof. The first six inches is 
considered to be a seating drive. The sum of the number of blows required :for the 
second and third six inches of penetration is termed the penetration resistance, N. If 
the sampler is driven less than 18 inches, the penetration resistance is that for the last 
one foot of penetration. (If less than one foot is penetrated, the logs shall state the 
number of blows and the fraction of one foot penetrated.) In cases where samples are 
driven 24 inches, the sum of second and third six-inch increments will be used to 
calculate the penetration resistance. (Refusal of the SPT will be noted as 50 blows over 
an interval equal to or less than 6 inches; the interval driven will be noted with the 
blow count.) 

6. Bring the sampler to the surface and remove both ends and one half of the split+oon 
such that the soil recovered rests in the remaining half of the barrel. Describe 
carefully the recovery (length), composition, structure, consistency, color, condition, 
etc. of the recovered soil according to SOP FlOl; then put into jars without ramming. 
Jars with samplea not taken for chemical analysis should be tightly closed, to prevent 
evaporation of the soil moisture. Affix labels to the jar and complete Chain-of-Custody 
and other required sample data forms (see SOP F302). Protect samples against 
extreme temperature changes and breakage by placing them in appropriate cartons 
stored in a protected area. 

In addition to collecting soils for geotechnical purposes, split-spoon sampling can be employed 

to obtain samples for environmental analytical analysis. The following procedures are to be 

used for split-spoon, environmental soil sampling: 

1. Follow sample collection procedures 1 through 6 as outlined in Section 5.21. 
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2. After sample collection, remove the soil from the split-spoon sampler. Prior to filling 
laboratory containers, the soil sample should be mixed thoroughly as possible to 
ensure that the sample is as representative as possible of the sample interval. Soil 
samples for volatile organic compounds should not be mixed.’ Further, sample 
containers for volatile organic compounds analyses should be filled completely without 
head space remaining in the container to minimize volatilization. 

3. Record all pertinent sampling information such as soil description, sample depth, 
sample number, sample location, and time of sample collection in the Field Test 
Boring Record or field logbook. In addition, label, tag, and number the sample 
bottle(s). 

4. Pack the samples for shipping (see SOP F300). Attach seal to the shipping package. 
Make sure that Chain-of-Custody Forms and Sample Request Forms are properly 
filled out and enclosed or attached (see SOP F301). 

5. Decontaminate the split-spoon sample as described in SOP F501. Replace disposable 
latex gloves between sample stations to prevent cross-contaminating samples. 

For obtaining composite soil samples (see Definitions), a slightly modified approach is 

employed. Each individual discrete soil sample from the desired sample interval will be 

placed into a stainless-steel, decontaminated bowl (or other appropriate container) prior to 

filling the laboratory sample containers. Special care should be taken to cover the bowl 

between samples with aluminum foil to minimize volatilization. Immediately after obtaining 

soils from the desired sampling interval, the sample to be analyzed for Volatile Organic 

Compounds (VOCs) should be collected. In the event that a composite sample is required, care 

should be taken to obtain a representative sampling of each sample interval. The remaining 

soils should be thoroughly mixed. Adequate mixing can be achieved by stirring in a circular 

fashion and occasionally turning the soils over. Once the remaining soils have been 

thoroughly combined, samples for analyses other than VCCs should be placed into the 

appropriate sampling containers. 

6.1.2 Thin-Wall (Shelby Tube) Sampling 

When it is desired to take undisturbed samples of soil for physical laboratory testing, thin- 

walled seamless tube samplers (Shelby tubes) will be used. The following method applies: 

1. Clean out the hole to the sampling elevation, being careful to minimize the chance for 
disturbance or contamination of the material to be sampled. 

2. The use of bottom discharge bits or jetting through an open-tube sampler to clean out 
the hole shall not be allowed. Any side discharge bits are permitted. 
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3.. ‘I’he sampler must be of a stationary piston-type, to limit sample disturbance and aid 
in retaining the sample. Either the hydraulically operated or control rod activated- 
type of stationary piston sampler may be used. Prior to inserting the tube samlpler in 
the hole, check to ensure that the sampler head contains a check valve. The check 
valve is necessary to keep water in the rods from pushing the sample out of the tube 
sampler during sample withdrawal and to maintain a suction within the tube to help 
retain the sample. 

4, With the sampling tube resting on the bottom of the hole and the water level in the 
boring at the natural groundwater level or above, push the tube into the soil by a 
continuous and rapid motion, without impacting or twisting. In no case shall the tube 
be pushed further than the length provided for the soil sample. Allow a free space in 
the tube for cuttings and sludge. 

5. After pushing the tube, the sample should sit 5 to 15 minutes prior to removal. 
Immediately before removal, the sample must be sheared by rotating the rods with a 
pipe wrench a minimum of two revolutione. 

6. Upon removal of the sampler tube from the hole, measure the length of sample! in the 
tube and also the length penetrated. Remove disturbed material in the upper end of 
the tube and measure the length of sample again. After removing at least an inch of 
soil, &om the lower end and after inserting an impervious disk, seal both ends of the 
tube with at least a l/Z-inch thickness of wax applied in a way that will prevent the 
wax from entering the sample. Newspaper or other types of filler must be placed in 
voids at either end of the sampler prior to sealing with wax. Place plastic caps on the 
ends of the sampler, tape them into place and then dip the ends in wax to seal them. 

7. Affix labels to the tubes and record sample number, depth, penetration, and recovery 
length on the label. Mark the same information and “up” direction on the tube with 
indelible ink, and indicate the top of the sample. Complete chain-of-custody and other 
required forms (see SOP F302). Do not allow tubes to freeze, and store the samples 
vertically (with the same orientation they had in the ground, i.e., top of sample is up) 
in a cool place out of the sun at all times. Ship samples protected with suitable 
resilient packing material to reduce shock, vibration, and disturbance. 

8. From soil removed from the ends of the tube, make a careful description using the 
methods presented in SOP FlOl. 

9. When thin-wall tube samplers are used to collect soil for certain chemical analyses, it 
may be necessary to avoid using wax, newspaper, or other fillers. The SAP for each 
site should address specific materials allowed dependent on analytes being tested. 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the 

soil to be sampled. Often very loose and/or wet samples cannot be retrieved by the samplers, 

and soils with a consistency in excess of very stiff cannot be penetrated by the sampler. 

Devices such as Dension or Pitcher core8 can be used in conjunction with the tube samplers to 

obtain undisturbed samples of stiff soils. Using these devices normally increases sampling 

costs and, therefore, their use should be weighed against the increased cost and the need for an 
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undisturbed sample. In any case, if a sample cannot be obtained with a tube sampler, an 

attempt should be made with a split-spoon sampler at the same depth so that at least one 

sample can be obtained for classification purposes. 

5.1.3 Bucket (Hand) Auger Sampling 

Hand augering is the most common manual method used to collect subsurface samples. 

l’jpically, Cinch auger buckets with cutting heads are pushed and twisted into the ground 

and removed as the buckets are filled. The auger holes are advanced one bucket at a time. 

The practical depth of investigation using a hand auger is related to the material being 

sampled. In sands, augering is usually easily accomplished, but the depth of investigation is 

controlled by the depth at which sands begin to cave. At this point, auger holes usually begin 

to collapse and cannot practically be advanced to lower depths, and further samples, if 

required, must be collected using some type of pushed or driven device. Hand augering may 

also become difficult in tight clays or cemented sands. At depths approaching 20 feet, torquing 

of hand auger extensions becomes so severe that in resistant materials, powered methods must 

be used if deeper samples are required. 

When a vertical sampling interval has been established, one auger bucket is used to advance 

the auger hole to the first desired sampling depth. If the sample at this location is to be a 

vertical composite of all intervals, the same bucket may be used to advance the hole, as well 

collect subsequent samples in the same hole. However, if discrete grab samples are to be 

collected to characterize each depth, a decontaminated bucket must be placed on the end of the 

auger extension immediately prior to collecting the next sample. The top several inches of soil 

should be removed from the bucket to minimize the chances of cross-contamination of the 

sample from fall-in of material from the upper portions of the hole. The bucket auger should 

be decontaminated between samples as outlined in SOP F602. 

In addition to hand augering, powered augers can be used to advance a boring for subsurface 

soil collection. However, this type of equipment is technically a sampling aid and not a 

sampling device, and 20 to 25 feet is the typical lower depth range for this equipment. It is 

used to advance a hole to the required sample depth, at which point a hand auger is usually 

used to collect the sample. 
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6.2 Surface Soil Samples 

Surface soils are generally classified aa soils between the ground surface and 6 to 12 inches 

below ground surface. For loosely packed surface soils, stainless steel (organic analyses) or 

plastic (inorganic analyses) scoops or trowels, can be used to collect representative samples. 

For densely packed soils or deeper soil samples, a hand or power soil auger may be used. 

The following methods are to be used: 

1. Use a soil auger for deep samples (greater than 12 inches) or a scoop or trowel for 
surface samples. Remove debris, rocks, twigs, and vegetation before collecting the 
sample. 

2. Immediately transfer the sample to the appropriate sample container. Attach a label 
and identification tag. Record all required information in the field logbook and on the 
sample log sheet, chain-of-custody record, and other required forms. 

3. Classify and record a description of the sample, as discussed in SOP FlOl. 
Descriptions for surface soil samples should be recorded in the field logbook; 
descriptions for soil samples collected with power or hand augers shall be recorded on a 
Field Test Boring Record. 

4. Store the sampling utensil in a plastic bag until decontamination or disposal. Use a 
new or freshly-decontaminated sampling utensil for each sample taken. 

5. Pack and ship as described in SOP F304. 

6. Mark the location with a numbered stake if possible and locate sample points on a 
sketch of the site or on a sketch in the field logbook. 

7. When a representative composited sample is to be prepared (e.g., samples taken from a 
gridded area or from several different depths), it is best to composite individual 
samples in the laboratory where they can be more precisely composited on a weight or 
volume basis. If this is not possible, the individual samples (all of equal volume, i.e., 
the sample bottles should be full) should be placed in a stainless steel bucket (or other 
appropriate container), mixed thoroughly using a decontaminated stainless steel 
spatula or trowel, and a composite sample collected. In some cases, as delineated in 
project-specific sampling and analysis plans, laboratory compositing of the samples 
may be more appropriate than field compositing. Samples to be analyxed for 
parameters sensitive to volatilization should be composited and placed into the 
appropriate sample bottles immediately upon collection. 
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5.3 Rock Cores 

Once rock coring has been completed and the core recovered, the rock core must be carefully 

removed from the barrel, placed in a core tray (previously labeled “top” and “bottom” to avoid 

confusion), classified, and measured for percentage of recovery, as well as the rock quality 

designation (RQD) (see SOP FlOl). Ifsplit-barrels are used, the core may be measured and 

classified in the split barrel after opening and then transferred to a core box. 

Each core shall be described and classified on a Field Test Boring Record using a uniform 

system as presented in SOP FlOl. Ifmoisture content will be determined or if it is desirable to 

prevent drying (e.g., to prevent shrinkage of hydrated formations) or oxidation of the core, the 

core must be wrapped in plastic sleeves immediately after logging. Each plastic sleeve shall 

be labeled with indelible ink. The boring number, run number and the footage represented in 

each sleeve shall be included, as well as the top and bottom of the core run. 

After sampling, rock cores must be placed in the sequence of recovery in wooden or plastic core 

boxes provided by the drilling contractor. Rock cores from different borings shall not be placed 

in the same core box. The core boxes should be constructed to accommodate 10 to 20 linear feet 

of core and should be constructed with hinged tops secured with screws, and a latch (usually a 

hook and eye) to keep the top securely fastened. Wood partitions shall be placed at the end of 

each core run and between rows, The depth from the surface of the boring to the top and 

bottom of the drill run and the run number shall be marked on the wooden partitions with 

indelible ink. The order of placing cores shall be the same in all core boxes. The top of each 

core obtained should be clearly and permanently marked on each box. The width of each row 

must be compatible with the core diameter to prevent lateral movement of the core in the box. 

Similarly, any empty space in a row shall be filled with an appropriate filler material or 

spacers to prevent longitudinal movement of the core in the box. 

i 

The inside and outside of the core-box lid shall be marked by indelible ink to show all 

pertinent data pertaining to the box’s contents. At a minimum, the following information 

must be included: 

0 Project name 
a Date 
l CT0 number 
a Boring number 
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l Footage (depths) 
l Run number(a) 
l Recovery 
l Rock Quality Designation (RQD) 
l Box number (x of x) 

It is also useful to draw a large diagram of the core in the box, on the inside of the box top. This 

provides more room for elevations, run numbers, recoveries, comments, etc., than could be 

entered on the upper edges of partitions or spaces in the core box. 

For easy retrieval when core boxes are stacked, the sides and ends of the box should also be 

labeled and include CTC number, boring number, top and bottom depths of core and box 

number. 

Due to the weight of the core, a filled core box should always be handled by two people!. Core 

boxes stored on site should be protected from the weather. The core boxes should be removed 

from the site in a careful manner as soon as possible. Exposure to extreme heat or cold should 

be avoided whenever possible. Arrangements should be made to dispose of or return the core 

samples to the client for completion of the project. 

6.0 QUALITY ASSURANCE RECORDS 

Where applicable, Field Test Boring Records and Test Boring Records will serve as the quality 

assurance records for subsurface soil samples, rock cores and near surface soil samples 

collected with a hand or power auger. Observations shall be recorded in the Field Logbook as 

described in SOP F303. Chain-of-Custody records shall be completed for samples collected for 

laboratory analysis as described in SOP FlOl and SOP F302. 
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m Designation: D 1586 - 84 (Reapproved 1992)” 

Standard Test Method for 
Penetration Test and Split-Barrel Sampling of Soils’ 

This standard is issued under the fixed designation D ISM: the number immaliateIy following the designation indicates the year of 
original adoption of. in the cast of revision. the year of Iasc revision. A number in pnnthaa indicates the year of last rr!appr~val. A 
supcrjcrip~ epsilon (e) indicates an editorial change since the last revision or rcapproval. 

This standard has hcen approved Rw use hy aKenc;rs qf rhr Depantnent of D#ii. Consul: the DOD Index qlSpe@ariom and 
Standards for the spec~jk year oj iswr whrch has brrn adaprrd h,v the Deparment afLl&nse. 

“NOTE-Editorial changes were made throughout October 1992. 

1. Scope 
1.1 This test method describes the procedure, generally 

known as the Standard Penetration Test (SPT), for driving a 
split-barrel sampler to obtain a representative soil sample 
and a measure of the resistance of the soil to penetration of 
the sampler. 

I .2 This siandard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibiliity of the tcser of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. For a specific 
precautionary statement, see 5.4.1. 

1.3 The values stated in inch-pound units are to be 
regarded as the standard. 

2, Referenced Documents 

2.1 ASTM Standards:. 
D2487 Test Method for Classification of Soils for Engi- 

neering Purposes2 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual Procedure)2 
D4220 Practices for Preserving and Transporting Soil 

SampIts 
i. D4633 Test Method for Stress Wave Energy Measure- 

ment for Dynamic Penetrometer Testing Systems2 

3. Terminology 
3.1 Descriptions of Terms Specific to This Standard 
3.1.1 an&-that portion of the drive-weight assembly 

which the hammer strikes and through which the hammer 
energy passes into the drill rods. 

3.1.2 cathead-the rotating drum or windlass in the 
rope-c&cad lift system around which the operator wraps a 
rope to lift and drop the hammer by successively tightening 
and loosening the rope turns around the drum. 

3.1.3 drill rods-rods used to transmit downward force 
and torque to the drill bit while drilling a borehole. 

3.1.4 drive-weight assembly-a device consisting of the 

r This method is under the jurisdiction of ASTM Commillee D- I8 on Soil and 
Rock and is the direct responsibility of Subcommittee D18.02 on Samplmg and 
Related Fiild Testing for Soil Investigations. 

Cement edition approved Sept. I I, 1984. Published November 1984. OrigmJl~ 
published as D 1586 - 58 T. Lrct previous edition D 1586 - 67 11974). 

s Annual Eaak of ASfM Standards, VOI 04.08. 

hammer, hammer fall guide, the anvil, and any hammer 
drop system. 

3. I .5 /rammer--that portion of the drive-weight assembly 
consisting of the 140 + 2 lb (63.5 f: 1 kg) impact weight 
which is successively lifted and dropped to provide the 
energy that accomplishes the sampling and penetration. 

3.1.6 hammer drop s-vstem-that portion of the drive- 
weight assembly by which the operator accomplishes the 
Iifiing and dropping of the hammer to produce the blow. 

3.1.7 hammer ,&z/1 guide-that part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.1.8 N-v&e-the blowcount representation of the pene- 
tration resistance of the soil. The N-value. reported in blows 
per foot, equals the sum of the number of blows required to 
drive the sampler over the depth interval of 6 to 18 in. (150 
to 450 mm) (see 7.3). 

3.1.9 AN-the number of blows obtained from each of 
the 6-in. (1 SO-mm) intervals of sampler penetration (see 7.3). 

3.1.10 number of rope iurns-the total contact angle 
between the rope and the cathead at the beginning of the 
operator’s rope slackening to drop the hammer, divided by 
360’ (see Fig. 1). 

3.1.1 I sampling rods-rods that connect the drive-weight 
assembly to the sampler. Drill rods are often used for this 
purpose. 

3.1.12 SPT-abbreviation for Standard Penetration Test, 
a term by which engineers commonly refer to this method. 

4. Signiikance and Use 
4. I This test method provides a soil sample for identifica- 

tion purposes and for laboiatory tests appropriate for soil 
obtained from a sampler that may produce large shear strain 
disturbance in the sample. 

4.2 This test method is used extensively in a great variety 
of geotechnical exploration projects. Many local correlations 
and widely published correlations which rrlate SPT blow- 
count, or N-value. and the engineering behavior of earth- 
works and foundations are available. 

5. Apparatus 
5. I Drilling Equipment---An\ drilling equipment that 

provides at the time of sampling a suitaN\ clean open hole 
before insertion of the sampler and ensures that the penetra- 
tion test is performed on undisturbed soil shall be acceptable. 
The following pieces of equipment ha1.t proven to be 
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FIG. 1 Definitions of the Number of Rope Turns and the 

(a) countarclcckwisa rotatii 
approximatety 1% tlms 

(0) clockwise rotatial 
spproximataty 2% hNns 

Section A-A 

Secti 6-B 

Angle for (a) Counterclockwise Rotation and 
Cathesd 

suitable for advancing a borehole in some subsurface condi- 
tiOtl.9. 

5.1.1 Drag, Chopping, and Fishtail Bits, less than 6.5 in. 
(162 mm) and greater than 2.2 in. (56 mm) in diameter may 
be used in conjuction with open-hole rotary drilling or 
casing-advancement drilling methods To avoid disturbance 
of the underlying soil, bottom discharge bits are not per- 
mitted; only side discharge bits are permitted. 

5.1.2 Rol1erCone Bits, less than 6.5 in. (162 mm) and 
&eater than 2.2 in. (56 mm) in diameter may be used in 
conjunction with open-hole rotary drilling or casing-ad- 
vancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Stem Continuous Flight Augers, with or 
without a center bit assembly, may be used to drill the 
boring. The inside diameter of the hollow-stem augers shall 
be Iess than 6.5 in. (162 mm) and greater than 2.2 in. (56 
mm). 

5.1.4 Solid, Continuous Flight, Bucket and Hand Augers, 
less than 6.5 in. (162 mm) and greater than 2.2 in. (56 mm) 
in diameter may be used if the soil on the side of the boring 
does not cave onto the sampler or samphng rods during 
sampling. 

5.2 Sampling Rods--Flush-joint steel drill rods shall be 
USed to connect the split-barrel sampler to the drive-weight 
assembly. The sampling rod shall have a stiffness (moment 
of inertia) equal to or greater than that of parallel wall “A” 
rod (a Steel rod which has an outside diameter of 1% in. 
(41.2 mm) and an inside diameter of J ‘/s in. (28.5 mm). 

(4 Clockwise AOtSlbll Of the I-- 

NOTE I-Recent research and comparative testing indicates the type 
rod used. with stiffness tanging from “A” size rod to ‘N” size rod, will 
ususlly have a negligible effect on the N-values to depths of at least 100 
A (30 m). 

5.3 Split-Barrel Sanrpler-The sampler shall be con- 
structed with the dimensions indicated in Fig. 2. The driving 
shoe shall be of hardened steel and shah be replaced or 
repaired when it becomes dented or distorted. The use of 
tinerS to produce a constant inside diameter of 13/u in. (35 

mm) is permitted, but shall be noted on the penetration 
record if used. The use of a sample retainer basket is 
permitted, and should also he noted on the penetration 
record if used. 

NOTE 2-Both theory and available test data suggest that N-values 
may increase bchvceo IO to 30 % when liners arc used. 

5.4 Drive- Weight Assembly: 
5.4.1 Hammer and An~*il-The hammer shall weigh 140 

f 2 lb (63.5 f 1 kg) and shall be a solid rigid metallic mass. 
The hammer shall strike the anvil and make steel on steel 
contact when it is dropped. A hammer fall guide permitting a 
free fall shall be used. Hammers used \\ith the cathead and 
rope method shall have an unimpeded overlift capacity of at 
least 4 in. (100 mm). For safetv reasons. the use of a hammer 
assembly with an internal anvil is encouraged. 

NOTE 3-h is suggested that the hammer fall guide be permanently 
marked to enable the operator or inspector to judge the hammer drop 
height. 

,_ 

5.4.2 Hammer Drop Systern-Ropecarhead, trip, xmi- 
automatic, or automatic hammer drop systems may be used, 
providing the lifting apparatus will not cause penetration of 



A - 1.0 to 2.0 in. (25 to 50 mm) 
B - 18.0 to 30.0 in. (0.457 to 0.762 m) 
c - 1.375 + 0.005 in. (34.93 t 0.13 mm) 

0 - 1.50*0.05-O.OOirh(38.1 *1.3-O.Omm) 
E = 0.10 f 0.02 h. (2.54 f 0.25 mm) 
F = 2.00 t 0.05 - 0.00 in. (50.8 f 1.3 - 0.0 mm) 
G * 16.0. to 23.0. 

ThelHin.(38mm)hsibe~tersplitbanelmaybeusedwithal~watl~ssplitSner.~penetratingendofthe~ve~may~sl$hUyr~.~~ 
ofptetkretainersmaybsusadtoretehsoilsamples. 

FiG. 2 Split-Barrel Sampler 

+e sampler while m-engaging and lifting the hammer. 
5.3 Accessoty Equipmenr-Accessories such as labels, 

sample containers, data sheets, and groundwater level mea- 
suring devices shall be provided in accordance with the 
requirements of the project and other ASTM standards. 

6. Drilling Pro&me 
6.1 The boring shall be advanced incrementally to permit 

intermittent or continuous sampling. Test intervals and 
locations are normally stipulated by the project engineer or 
geol@st. Typically, the intervals selected are 5 A (1.5 mm) 
or kss in homogeneous strata with test and sampling 
locations at every change of strata. 

6.2 Any drilling procedure that provides a suitably clean 
and stable hole before insertion of the sampler and assures 
that the penetration test is performed on essentially undis- 
turbed soil shall be acceptable. Each of the following 
procedures have proven to be acceptable for some subsurface 
conditions. The subsurface conditions anticipated should be 
considered when selecting the drilling method to be used. 

6.2. I Open-hole rotary drilling method. 
6.2.2 Continuous flight hollow-stem auger method. 
6.2.3 Wash boring method. 
6.2.4 Continuous flight solid auger method. 
6.3 Several drilling methods produce unacceptable 

borings. The process ofjetting through an open tube sampler 
and then sampling when the desired depth is reached shall 
not be permitted. The continuous flight solid auger method 

!@‘%I1 not be used for advancing the boring below a water 
rle or below the upper confining bed of a confined 

non-cohesive stratum that is under aResian pressure. Casing 

may not be advanced below the sampling elevation prior to 
sampling. Advancing a boring with bottom dischatge bits is 
not permissible. It is not permissible to advance the boring 
for subsequent insertion of the sampler solely by means of 
previous sampling with the SPT sampler. 

6.4 The drilling fluid level within the boring or hollow- 
stem augers shall be maintained at or above the in situ 
groundwater level at all times during drilling. removal of drill 
rods, and sampling 

7. Sampling and Testing Procedure 
7.1 After the boring has been advanced to the desired 

sampling elevation and excessive cuttings have been re- 
moved, prepare for the test with the following sequence of 
operations. 

7.1. I Attach the split-barrel sampler to the sampling rods 
and lower into the borehole. Do not allow the sampler to 
drop onto the soil to be sampled. 

7.1.2 Position the hammer above and attach the anvil to 
the top of the sampling rods. This mav be done before the 
sampling rods and sampler are lowered* into the borehole. 

7.1.3 Rest the dead weight of the sampler. rods. anvil, and 
drive weight on the bottom of the boring and apply a seating 
blow. If excessive cuttings are encountered at the bottom of 
the boring remove the sampler and sampling rods from the 
boring and remove the cuttings. 

7.1.4 Mark the drill rods in three successive &in. (0.15-m) 
increments so that the advance of the sampler under the 
impact of the hammer can be easily observed for each 6-in. 
(0. I S-m) increment. 

7.2 E)rive the sampler with blows from the IN-lb (63.5- 



kg) hammer and count the number of blows applied in each 
Gin. (0.15-m) increment until one of the fobving occurs: 

7.2.1 A total of 50 blows have been applied during any 
one of the three 6-in. (0.15-m) increments described in 7.1.4. 

7.2.2 A total of 100 blows have been applied. 
7.2.3 There is no observed advance of the sampler during 

the application of 10 successive blows of the hammer. 
7.2.4 The sampler is advanced the complete 18 in. (0.45 

m) without the limiting blow counts occurring as described 
in 7.2.1, 7.2.2, or 7.2.3. 

7.3 Record the number of.blows required to effect each 6 
in. (0.15 m) of penetration or fraction thereof. The first 6 in. 
is considered to be a seating drive. The sum of the number of 
blows required for the second and third 6 in. of penetration is 
termed the “standard penetration resistance,” or the 
“N-value.” If the sampler is driven less than 18 in. (0.45 m), 
as permitted in 7.2.1, 7.2.2, or 7.2.3, the number of blows 
per each complete 6-in. (0.15-m) increment and per each 
partial increment shall be recorded on the boring log For 
partial increments, the depth of penetration shall be reported 
to the nearest 1 in. (25 mm), in addition to the number of 
blows. If the sampler advances below the bottom of the 
boring under the static weight of the chill rods or the weight 
of the drill rods plus the static weight of the hammer, this 
information should be noted on the boring log 

7.4 The raising and dropping of the 140-lb (63.5~kg) 
hammer shall be accomplished using either of the following 
two methods: 

7.4.1 By using a trip, automatic, or semi-automatic 
hammer drop system which lifts the l#lb (63.5~kg) 
hammerand allows it to drop 30 + 1.0 in. (0.76 m f 25 mm) 
unimpeded. ,: ‘*. . 

7.4.2 By using. a cathead to pull a rope attached to the 
hammer. When the cathead and rope method is used the 
system and operation shall conform to the following: 

7.4.2.1 The cathead shall be essentially free of rust, oil, or 
grease and,have a diameter in the range of 6 to 10 in. (150 to 
250 mm). 

7.4.2.2 The cathead should be operated at a minimum 
speed of rotation of 100 RPM, or the approximate speed of 
rotation shall be reported on the boring log. 

7.4.2.3 No more than 2Yi rope turns on the cathead may 
be ‘used during the performance of the penetration test, as 
shown in Fig 1. 

NOTE 4-T*- operator should generally use either 1% or 2% rope 
turns, depending upon whether or not the rope comes off the top (1% 
turns) or the Wtom (2% turns) of the cathead. It is generally known 
and acccptcd that 2?/4 or man rope turns considerably impedes the fall 
of the hammer and should not be used to perform the test The cathead 
rope should bc maintained in a relatively dry, clean, and unfrayed 
condition. 

7.4.2.4 For each hammer blow, a 30-in. (0.76-m) lift and 
drop shall be employed by the operator. The operation of 
pulling and throwing the rope shall be performed rhythmi- 
cally without holding the rope at the top of the stroke. 

7.5 Bring the sampler to the surface and open. Record the 
percent recovery or the length of sample recovered. Describe 
the soil samples recovered as to composition, color, stratifi- 
cation, and condition, then place one or more representative 
portions of the sample into sealable moisture-proof con- 
tainers (jars) without ramming or distorting any apparent 
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stratification. Seal each container to prevent evaporation of 
soil moisture. Aff~ix labels to the containers bearing job 
designation, boring number, sample depth, and the blow 
count per 6-in. (0.15-m) increment. Protect the samples 
against extreme temperature changes. If there is a soil change 
within the sampler, make a jar for each stratum and note its 
location in the sampler barrel. 

8. Report 
8.1 Drilling information shall be recorded in the field and 

shall include the following: 
8.1.1 Name and location of job, 
8.1.2 Names of crew, 
8.1.3 Type and make of drilling machine, 
8.1.4 Weather conditions, 
8.1.5 Date and time of start and finish of boring, 
8.1.6 Boring number and location (station and coordi- 

nates, if available and applicable), 
8. I .7 Surface elevation, if available, 
8.1.8 Method of advancing and cleaning the boring, 
8.1.9 Method of keeping boring open, 
8.1.10 Depth of water surface and drilling depth at the 

time of a noted loss of drilling fluid, and time and date when 
reading or notation was made, 

8.1.11 Location of strata changes, 
8.1.12 Sii of casing, depth of cased portion of boring, 
8.1.13 Equipment and method of driving sampler, 
8.1.14 Type sampler and length and inside diameter of 

barrel (note use of liners), ,.- 
8.1.15 Size, type, and section length of the sampling rods, 

and 
8.1.16 Remarks. 
8.2 Data obtained for each sample shall be recorded in the 

field and shall include the following: 
8.2.1 Sample depth and, if utihzed, the sample number; 
8.2.2 Description of soil, 
8.2.3 Strata changes within sample, 
8.2.4 Sampler penetration and recovery lengths, and 
,8.2.5 Number of blows per 6-in. (0.15-m) or partial 

increment. 

9. Precision and Bias 
9.1 Precision-A valid estimate of test precision has not 

been determined because it is too costly to conduct the 
necessary inter-laboratory (field) tests. Subcommittee 
D 18.02 welcomes proposals to ahow development of a valid 
precision statement. 

9.2 Bias-Because there is no.reference material for this ’ 
test method, there can be no bias statement. 

9.3 Variations in N-values of 100 % or more have been 
observed when using different standard penetration test 
apparatus and drillers for adjacent borings in the same soil 
formation. Current opinion, based on field experience, 
indicates that when using the same apparatus and driller, 
N-values in the same soil can be reproduced with a coefi- 
cient of variation of about 10 %. 

9.4 The use of faulty equipment, such as an extremely ,-- 
massive or damaged anvil, a rusty cathead, a low speed 
cathead, an old, oily rope, or massive or poorly lubricated 
rope sheaves can significantly contribute to differences in 
N-values obtained between operator-drill rig systems. 
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9.5 The variability in N-values produced by different drill 
’ rigs and operators may be reduced by measuring that part of 

adjustment is given in Test Method D 4633. 

the hammer energy deIivered into the drill rods from the 10. Keywords 
sampler and adjusting N on the basis of comparative 10.1 blow count; in-situ test; penetration resistance; split- 
energies. A method for energy measurement and N-value barrel sampling; standard penetration test 

The American Society for Test@ end Materials takes no position respecting the vattdity of any petent rights 8SSerled in connection 
with 8ny ftem mentloned in this standerd Users of this Standard 8re expraSS/y adbed th8f determin8tkm of Ihe validity of any such 
p8tent ffghts, 8nd the risk of tnfringement of such rights, 8re entirely their own responsibility. 

7% at8nd8rd fS sub/ect to revfsfon et 8rIy time by the responsibf8 technical committee end must be fevfewed every five years 8nd 
ff not nwised, either r88pprwed or withdrawn. Your comments 8re /m&d ekher for rev&&WI of thfs stendard or for edditional stendards 
8nd should be eddressed to ASTM He8dqU8rlefS. Your comments w/t/ receive c8reM ConsMenrtion 8t 8 meeting of the responsible 
teChnk8f Commit&e. which yw may attend. It yw feel that y&r ccfnments have not ra&vad 8 fair hearing you should make your 
Hews known to the ASTM Committee WI standards. 1916 Race St., Philadelphia, PA 19103. 
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ATTACHMENT B 

r”” ASTM D1587-83 

STANDARD PRACTICE FOR THIN-WALLED TUBE SAMPLING OF SOILS 



Designation: D 1587 - 83 

Standard Practice for 
Thin-Walled Tube Sampling of Soils1 

Thii standard is issued under the fixed de&nation D 1587; the number immcdiatdy blknviw the designation indicates the year of 
origittd adoption or. in the case of revision. the yea, of last revision. A numlxx im puatbcwindiatcsthe~ofb5t~pprovP1.A 
supcmript epsilon (0 indicates m editorial ctrpnge tints the last revision or wqqqwl. 

7%3practice has been approvedbr use by agencies dfhe Dcpariment qfD&nseauiJuIis!iq in the DOD In&x qfSpt@icaiiom ond 
&VldOdS. 

1. scope 

- 1.1 This practice covers a procedure for using a thin- 
walled metal tube to recover relatively undisturbed soil 
samples suitable for laboratory tests of structural properties. 
Thin-walled tubes used in piston, plug, or rotary-type sam- 
plers, such as the Denison or Pitcher, must comply with the 
portions of this practice which describe the thin-walled tubes 
(5.3). 

Nora t-Tit% pmcticc does not apply to liners used within the above 
SUllpIm. 

2. Referenced Documents 

2.1 AST’ Standards: 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual Proced~re)~ 
D3550 Practice for Ring-Lined Barrel Sampling of Soilsa 
D4220 Practices for Preserving and Transporting Soil 

SlUllp# 

3. summary of Practice 
3.1 A relatively undisturbed sample is, obtained by 

pressing a thin-walled metal tube into the in-situ soil, 
removing the soil-filled tube, and sealing the ends to prevent 
the soil from being disturbed or losing moisture. 

4. Signlflamce and Use 
_ 4.1 This practice, or Practice D 3550, is used when it is 

n&essary to obtain a relatively undisturbed specimen suit- 
able for laboratory tests of structural properties or other tests 
that might be influenced by soil disturbance. 

5. Apparatus 
5.1 Drilling Equipment-Any drilling equipment may be 

used that provides a reasonably clean hole; that does not 
disturb the soil to be sampled; and that does not hinder the 
penetration of the thin-walled sampler. Open borehole 
diameter and the inside diameter of driven casing or hollow 
stem auger shall not exceed 3.5 times the outside diameter of 
the thin-walled tube. 

5.2 Sampler Insertion Equipment, shall be adequate to 
provide a relatively rapid continuous penetration force. For 

’ This pnctia is under the jurkdiction of ASTM Committee 018 on !bil and 
,plodr ti is the ditect responsibility of Subcommittee D18.02 on SompIing and 

.pJated Field Ttia8 for soil investigations. 
Current aMon wprowd AUS I?, 1983. Published October 1983.OriginaI~y 

wblihd as D IS87 - S8 T. LM pr&~ &ion D 1587 - 74. 
‘bud Book OfAflA4 Smuiards. VolO4.08. 
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hard formations it may be necessary, although not recom- 
mended, to drive the thin-walled tube sampler. 

5.3 Thin-Walled Tubes. should be manufactured as 
shown in Fs 1. They should have an outside diameter of 2 
to 5 in. and be made of metal having adequate strength for 
use in the soil and formation intended. Tubes shah be clean 
and free of alI surf’ irregularities including projecting weld 

5.3.1 Length of Tubes-See Table 1 and 6.4. 
5.3.2 Toler~, shah be within the limits shown in Table 

2. 
5.3.3 Inside Clearance Ratio, should be 1 % or as speci- 

fied by the engineer or geologist for the soil and formation to 
be sampled Generally, the inside clearance ratio used should 
irmease with the increase in plasticity of the soil being 
sampled. See Fe 1 for definition of inside clearance ratio. 

5.3.4 Cbrrosion Protection-Corrosion, whether from gal- 
vanic or chemical reaction, can damage or destroy both the 
thin-walled tube and the sample. Severity of damage is a 
function of time as well as interaction between the sample 
and the tube. Thin-waIled tubes should have some form of 
protective coating. Tubes which will contain samples for 
more than 72 h shah be coated. The type of coating to be 
used may vary depending upon the material to be sampled. 
Coatings may include a light coat of lubricating oil, lacquer, 
epoxy, Teflon, and others. Type of coating must be specified 
by the engineer or geologist if storage will exceed 72 h. 
PIating of the tubes or alternate base met& may be speoified 
by the engineer or geologist. 

5.4 &unpfer Head, serves to couple the thin-walled tube 
to the insution equipment and, together with the thin-walled 
tube, comprises the thin-walled tube sampler. The sampler 
head shah comain a suitable check valve and a venting area 
to the outside equal to or greater than the area through the 
check valve. Attachment of the head to the tube shah be 
concentric and coaxial to assure uniform application of force 
to the tube by the sampler insertion equipment. 

6. Procedures 
6.1 Clean out the borehole to sampling- elevation using 

whatever method is preferred that will ensure the material to 
be sampled is not disturbed. If groundwater is encountered, 
maintain the liquid level in the borehole at or above ground 
water level during the sampling operation, 

6.2 Bottom dixharge bits are not permitted. Side dis- 
charge bits may be used, with caution. Jetting through an 
open-tube sampler to clean out the borehole to sampling 
elevation is not permitted. Remove loose material from the 
center of a casing or hollow stem auger as carefully as 
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. FIG. 1 Thin-Walled lube for Sampling 

TABLE 1 Suitabfe Thin-Walled Steel Sempfe Tubes* 
outside diameter. 

in. 3 6 
mn ks 762 127 

Watt- 
Bwg 
ill. 249 t&5 A!,20 

TEm 124 1.66 3.05 

h. 36 54 

cilikceratb,I 0.91 1 En 1 1.46 1 
*TharhrEe-R#mnended hTdNelwehdbtedtorprposesol 

-tbn,Mdareflot,Menledtohtscatethatsaphohrbeso(htE8me 
diateorlafgwdiamem ammtacYxpwk~af~sllownsrc, 
itbJswattve.RoQerlengthstobe dewmhedasslJkdtowd- 

TAEtU 2 MmeneIonal Tofemncee for Thin-Walled Tubes 
NunhalTub Ohmetenh%IlT~1*TOhUlUB,h 

,6keOuts& 
- -D&meter 2 3 5 

outsidedhmelsc +0.007 +O.OlO +O.OlS 
-o.ooo -0.ooo 

IrIstde dameter 
zz 

+o.ooo ZEZ 

d&O7 
-0.010 -0.016 

WRttthkkJWS kO.010 Ao.015 
0-v 0.016 0.020 
SwishtnssJ 0.03Olft 0.030ltt 

1.0.. u 0.0. and Wall. of I.D. and Wall. 

possible to avoid disturbance of the material to be sampled. 

NOTE 2-Roller bits are available in downward-+tting and diffused- 
jet configurations. Downward-jetting conftguration rock bits an not 
a%cptable. Difbc-jet configurations arc generally acceptable. 

6.3 Place the sample tube so that its bottom rests on the 
bottom of the hole. Advance the sampler without rotation by 
a continuous relatively rapid motion. 

6.4 Determine the length of advance by the resistance and 
condition of the formation, but the length shall never exceed 

5 to 10 diameters of the tube in sands and 10 to 15 diameters 
of the tube in cIays. 

NOTE 3-Weight of sample, laboratory handling capabilities, uans- 
partation problems, and commercial availability of tubes will generally 
limit maximum practical lengths to those shown in Table 1. 

6.5 When the formation is too hard for push-type inser- 
tion, the tub6 may be driven or Practice D 3550 may be 
used. Other methods, as directed by the engineer or geologist, 
may be used. If driving methods are ur& the data regarding 
weight and fall of the hammer and penetration achieved 
must be shown in the report. Additionally, that tube must be 
prominently labeled a ‘driven sample.” 

6.6 In no case shall a length of advance be greater than the 
sample-tube length minus an allowance for the sampler head 
and a minimum of 3 in. for sludge-end cuttings. 

NOTE &Ire tube may bc rotated to shear bottom of the sample 
aRcr pressing is complete. 

6.7 Withdraw the sampler from the formation as carefully 
as possible in order to minimize disturbance of the sample. 

_,^. 

7. Preparation for Shipment 
7.1 Upon removal of the tube, ..measure the length of 

sample in the tube. Remove the &turbed material in the 
upper end of the tube and measure the length again. Seal the 
upper end of the tube. Remove at least 1 in. of material from 
the lower end of the tube. Use this material for soil 
description in accordance with Practice D 2488. Measure the 
overall sample length. Seal the lower end of the tube. _j 
Alternatively, after measurement, the tube may be sealed 
without removal of soil from the ends of the tube if so 
directed by the engineer or geologist. 

NOTE S-Field extrusion and packaging of extruded samples under 
the specific direction of a geotechnical engineer or geologist is permitted. 

NOTE 6-T&s scaled over the ends as opposed to tbov tied with 
expanding packers should contain end padding in end voids in order to 
prevent drainage or movement of the sample within the NbC. 

7.2 Prepare and immediately affix labels or apply mark- 
ings as necessary to identify the sample. Assure that the 



markings or labels are adequate to survive transportation 
r”“” nd storage. 

8. Report 
8. I The appropriate information is required as follows: 
8. I. I Name and location of the project, 
8. I .2 Boring number asd precise location on project, 
8.1.3 Surface elevation or reference to a datum, 
8.1.4 Date and time of boring-start and finish, 
8.1.5 Depth to top of sample and number of sample, 
8.1.6 Description of sampler: size, type of metal, type of 

coating, 
8. I .7 Method of sampler insertion: push or drive, 

8.1.8 Method of drilling, size of hole, casing, and drilling 
fluid used, 

8.1.9 Depth to groundwater level: date and time mea- 
sured, 

8.1.10 Any possible current or tidal effect on water level, 
8.1.11 Soil description in accordance with Practice 

D 2488, 
8.1.12 Length of sampler advance, and 
8. I. 13 Recovery: length of sample obtained. 

9. Precision and Bias 
9.1 This practice does not produce numerical data; there- 

fore, a precision and bias statement is not applicable. 

The Amerfcan Socfety for Testing and Materiels takes no poshion respecting the vafJd@ deny patent rights asserted in connection 
wfih any hem mentfoned tn this standard. Users of this standard are express& advfsed that dafermf&km of the vatidily of a./+’ such 
patent rfghts, and lhe rlsk of tnfffngement of such rights, are entire/y their own mspnsfbftity. 

This standard is subject to revlston at any time by the responsibte tech&at commIttee and must be m&wed every five yean and 
ff not redsed, e&her rq$mved or wftMrawn. Your comments are lnviied either forti of thfs standard or for additi~ standards 
and sfnwld be eddressed to ASTM Headquarters. Yoor comments w/II reoeive careM consldemtkm at u meatfng of the responsible 
technICa/ commktee, which you may ettend. If you fee/ that your ccmments heve not receh-ed a fair hearing you should make your 
v&s known to the ASTM Committee on Standards. 1916 Race St., Philadelphia. PA 19103. famwn to the ASTM Committee M 
Standards, 1916 f&&St., Philadelphia. PA 19103. 
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ATTACHMENT C 

ASTM D2113-83 (1987) 

STANDARD PRACTICE FOR DIAMOND CORE DRILLING FOR 

SITE INVESTIGATION 



4lb Dedgnatlon: D 2113 - 83 (Reapproved 1987) 

_ Standard Practke for 
Diamond Core Dflling br .$itq Inve+igation’ 

. 
1. scope 

1.1 This piacticc describes equipment and procedures for 
diamond core drilling to secure me samples of toclc and 
some soils that are too hard to sample by soil-sampling 
m&ods.Thismethodirdescribediatbecontextofob- 
tabling data for fixnldation design and geotechnkal et@- 
uccdng purposs rather than for mineral and mining explo- 
ratio& 

2. Relwm4DocIuncuts 

I) 1586 Method tar fenetration Test and Split-Barrel 
9aJrlPU~ of 8lw 

D 1587 Pmcth for Thh~Wallcd Tube Sampling of Soil!? 
D 3550 Practice for Ring-tied Barrel Sampling of Soii 

3. slgalfl~anduse 
3.1 This pa&e is used to obtain core specimens of 

superior qaality that Mkct the ikitu conditions of the 
F-%UUC~~~! and sI+lclure and which an suit&e for srandwd 

$ki+&c&pro~ tests and Strai&ural-integrity ddzlemina- 
. 

4. Appllratus 
4.1 Drilihtg A&chine, capable of providing rotation, fctd, 

andreua&onbyhydraulicorm#;baaicalmeanstothe6il! 

4.2 Fluid Arnrp (K kir Compr&t.wr, ~pablc of ddking 
e&vololand pressure for the duuneteranddepth of 

42 Ciwe barn& 8s cequireck *.. 
43,l Single Tube ?&e, WG Design, comisting of a’ 

ho&v steel tuho, with a head at ORC end threaded for drill 
md, and a thmaded conneotion for a reaming shell and core 
bitatthcotherend+AeoreIifkr,orret&erloeatedwithin 
tbe~bitiraormal,butmayk:ominedattbcdisaeti4a 
ohhe~oreaginecr. 

43.2 Do&e Tube, Swivel-TLpe, WG Des&n--An as 
aCmt#yaFM unxXnt3ic steel tubes joined and sutWUd at 
theupperendbymeansofabaUorroUer-beariagswivd 
8tmgod to penuit rot8tioII of the outer tube without causing 
rotafioa ofthe inner tube. The upper end of the outer tube, 
ormmov8blehead,isUueadedfordriUrod.Athmaded 
amaeedo~~ is provided on tbe lower end of the outer tube for 

areamingsbeUandconbitAcorcliftu]ocattdwithintlr 
core bit is mmal but may be omitted at the discretion ofthe 
geologist or engineer. \ 

4.3.3 Double-Tube, Swivel-Y)pe, WT Design. is eyea 
tiauy the same as the double tub& swhl-sype~ WG design9 
except that the wr daign has thbu tube walls, iL rcduccd 
aoaulnrareabczwccnthctu~aadtakcsaiagerwrcbrom 

.thebamediametcrborebolt.Thecotelifteris~withia 
the core bit. 

4.3.4 Double ?I& Sivlvel Z)ye WMDesigfk ir dtnik 10 
tie double tube, swivekype, WG desigu, except that tin 
innatubeisthreadcdatitrl~endtotecdvca~elifta 
~that~vtlyuctea~rhtiaactNbe~intothtcon 
bit, thus mintnin’ ngexposureofthecoretot.bedril!ingMll 
Acorcli~isoontaiaodwithiDthtcore~crrseontbc 
inner tube. 

4.3.5 Double 3trbc SwiveI-Type, Lar~MXatne!er De& 
is s&xl&r to the double tube, swiveLtype, W?bf design, wita 
the addition of a baU valve, to control fluid flow, in bll thtu 
availablesizcsandtheadditiondasludgebanel,tl,cPtch 
hcavycuttings,onthcrwolargersizesThelag@8ma 
design double tube, swivel-type, core barrels are available h 
three core per bole sizes 8s follows: 2% ia (69.85 mm) by 31 
in. (98.43 mm), 4 in. (10 1.6 mm) by 5% in. (139.7 mm), and 
6 in, (152.4 mm) by 7% in: (196.85 mm), Their use k 
gendfy estmd tbr very dctailcd imfcstigative worlc 4, 
whereothcrrl#bodsdonotylcldadequatereoo~. 

43.6 Double Me, SwivelTypo, Retrievuble Inner~Tuh 
Mer/rod, in which the ee&aden inner-tube aWmb!y i 
retrieved to the surf&e and an empty inner-tube assemh) 
IBfWWitOthCfrlaOfthClXWChOlCthKOUghtbe#nhtchip) 

-lwgeare* drill rods wiglout .nccd for withdrawal and lP 
pktnent of the drib rods in the bor&oI+ The intter*tah 
ussembly CMsists of an inner tube with nmov+ble coze.Me 

* case rind core lifter ‘at one end and a retnovable inner4tth 
head, swivel bearing, suspension zujjustmeat, and httehiq 
devicewithreIeasemechanismontheoppositeend,& 
inner-tubelatchmgdevicelocksintoaaunulementaryrecu 
intbcwlnoftheoutertubeatchthatthewtett~Inxy&, 
rotated without causing rotation of the inner tube and ani; 
that the latch may he 8cWatod and the inner-tube nstcm&J 
trmpmcd by itppropckte surf&x control, The outer tabsi/ 
thmdat for the matchln& lar&ore drill rod and intern+/ 
con&wed to receive tbc ianer-tubc tatehing deviice at OnI 
e$zMty f& a reaming sheU and bit, or bit or&a, 

~?l&~k~~j&dic6on~ASIMCanau’tWD-lYOnSOilrad 4.4 L4mgitudinaffy $)&I Inner Tuba-As oms4 F 
Rock and k fbr dims rocpondbibIry oCSubcammiw DlY.02 in SW& ti 

,/+valsdFkl6Tcal”cBrsoil lnvociylioar, 
conventionat cyhndiical inner Nbes, allow inspection 06 au 

&vent cdl6on iporovcd hme 24, 1983. PubWed Ausus’ ~982.Or&tty 
acccs to, the core by simply removing one of the two bslvo 

prbhrbrdrrD2113-6ZT.Luc~editiooD2II3-30(197d). They an not st&wdhd but an available for mctt at 
‘A#nld8w& OJAsrm slula&r&, val ln.oa. barrels inctudiig many of tbe retrievabIe inner-u&e tvpI j 
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4.5 Core Bils--core bits shall be suhcx set with dia- 
wads, impregnated with small diamond partkhq’inserted 
rkh twgstea chide $ugg orstrips, hard-faced with various 
hfd swbdng materials or futaisbcd in saw-tooth form, all 
1 iwcopriatc to the formation being cored and with 
,-ttcc of the gemlog& or cnginccr~ Bit matrix material, 
,awtl shape, w6r-way Qp& location and number of water 
PyI, diamond size and amt weight. ~IKI bit facing materials 
rbz)l be for general purpose use unless ot&envise approved by 
Jcgc&gist or engineer. Nominal size ofsome bits is shown 
iAbIc 1. - 

4.6 Remting She& shall be surf&x set with diamonds, 
hpcegnated with amall diamond partic& inserted with 
~en~~dc~~orstuks,hardfaccdwithvaro~tnw 
dhatti surtking maw or fun&h& blank, afl as 
qpquiate to the formation being cotbd * 
4.7 Core L&~s-Core tifkxs of the split-ring type, citber 

#ain Of bard-rtlcur, shall bc findshed and mafnrain& along 
vi41 co&lifter awee or. inner-tube extensiot~ or ioncr-tube 
fllces, in good condition. Basket or fillgcr-type lifttaq to- 
.gthcr with any xcessaqadaptcxs,shaIIbeoathejoband 
nGibkforusewitbca&corebarre~ifsodinxMbythe 
ttohist or cdaeer. 
- 4,8~Gwing~ - 4,8~Gwing~ 
4.8.1 4.8.1 Drive Pipe or Drive Casing, shall be standard weight Drive Pipe or Drive Casing, shall be standard weight 

> > 
!tcbcduk 40), extra-heavy (s&cdu!e 80), doubic extra-heavy !tcbcduk 40), extra-heavy (s&cdu!e 80), doubic extra-heavy 
!wuk 160) pipe or Wdcsign Uush-joint casing as rc- !wuk 160) pipe or Wdcsign Uush-joint casing as rc- 

&cd by the nature of the ovetburdt~~ or the placement -. 
method IMvc pipe or W-design casing shall bt of sufficient 
diametertopassthckrg~cortbam?ltoboused,a.nditshaU 
be chivea to bed rock or to ;tinn seating at an elevation MOW 

water-sensitive formation. A hardened drive shoe is to ba 
used as a cutting dgc and thread protior~ de&x on the 
bottom of the drive pipe or casing. The drive shoe inside 
diiu.uUcr shall be lage enough to pass the tools intended for 
use, and the she and pipe or casing shall be Ccc from burrs 
or obsuuctions. 

4.8.2 ‘C.lng-Wbcn neqcssaq to case through forma- 
tions already penetrated by the borehole or ;when no drive 
casing has barn set, auxiliary casing shall be provided to fit 
insidetbeboiehotctoaltowusedtheaoxtsmallcrcore * 
bad, Standard &es of t&scoping casing arc shown in 
Table 2. Casing bits have an obstruction in their interior and 
willnotpaJsthenwtmnallcrcasiag~Uscacasi~~oeif 
additional tckScoping is antipatcd. 

4.8.3 Cdttg L&r-Plastic pipe or she&& pipe may 
bcuscdtoiiMaBt.xistinglargediamctercasbl~Liners,so 
~shouldnotbedtiven,andcatesbouklktak~to 
maintain tnt6 alignment ibroughout the length of the finer. 

4.8.4 Holiow Skm Al(ger-Hoflow stem auger may be 
used as casing for coring. 

4.9 Drill R& 
4.9.1 Drill Ra& of Tubuhr Steel Constrdon an nor- 

mally used to traasmit fatd, rotation, and retraction forces 
fiomthedfiliingmacUnctotbccorebarrcLblvrtl.irodsiets 

,tbataro~tlystandardhscdareshowninTabie3. .s^-- 
4.9.2 Laxgo bore da31 rods used witb retriovabk itmer- 

tube core haI?cls are not staad3rdiicd. Drill rods used with 
rcuimbk inner-tube core barrels should bc those manu& 
turcd by the uxc-barrcI manuf%urer spa%caIly for the 
cortbamk 

4.9.3 Compasite Drill Rods arc specitically tmstructcd 
fern two or more mater@ intended to prov& specific 
propcrtk such as light w6igbt or ckctrical nonconductivity. 

4.9.4 bbmagwic DrUi Roda arc mnuf~rcd of 
nonfenous mat&& such as ahuninum or brass and arc 
wed primaruy for hole survey work. $pme nomnag,n&rods 
have left-hand threads in order fo furtbcr tiqir value in 
survey work. No standard exists for nonmagnetic sods. 

4.10 Auxiliary Equipnent, shall bo fbrnhhcd as rcqdtcd 
by the work axxf shall include: foficr rock bits, drag bits 
chopping bits, boulder busters, fishtail bits, pipe wrenches, 
am bad wrenches, lubrication equipment, oom boxes, and 
marking devices, Other recommended equipment includes 
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Con SplittCr, rod WiCkha& pumpout tooti or cxtrudus, ad 
halId sicvc or suuiacr. 

5. ~portafion and Storage of Core Containers 
5.1 Core Boxes, shdl be constnrclcd of wood or other 

dumbk material for the protection and storage of cores while 
enmute from the drill site to the hborato~~ or o&m 
procwing point. AU core boxes s&U be provided with 
Iongitudinil scpamtors aad recc~crcd cores sba!J be laid out 
as a book would read, from left to right and top to bosom, 
within the longitudinal separa~rs. Spacer Mocks or plugs 
shall be marked and inserted into the core aJumn withio’the 
separator t0 indicate the beginning of each coring run. The 
beginning point of storage in each oore box is the upper 
kfthand comer. The upper kft-hand corner of a hinged core 
box is the left c~rncr when the hinge is OR the far side of the 
box and the box is right-side up. Ali hinged con boxes must 
be permanently marked on the out&c to iadic+te the top 
aad the bottom. AU other core born must be permancntIy 
JMJ%~ on the outside to indicate the top and the bottom 

‘and additionally, must bc permanently ma&cd internally to 
,@@%dicate the upper-left comer of the bonom with the kucrs 

IL or a splotch of red paint not kss xhan I h2 Lid or cover 
~- fitting(s) for core bows must be olsuch quality as to ensure 

against mix up of tbe core in the event of impact or upsetting 
of the core box during transportation. 

S.2 Transportation of cores horn the drill site to the 
kboratoiy or other processing point shall be in d&able core. 
boxes so padded or suspended as to be isolated from shock or 
impact transmitted to the transporter by rough ten&n or 
car&s operation. 

5.3 Stoagc of c0rw after initiaI Wing or inspec&n at 
the Lboratory or .other processing point, may be in card- 
board or similar kss costly boxes provided alJ layout and 
marking re&ircments as specified in 5.1 arc foHowed. 
Additional spacer blocks or plugs shaIl bc added if necessary 
at time of storage to explain missing core. Cores shall be 
stored for a period of time specified by tbt engineer but 
should not norma!ly bc discarded 
p@cct for which tbey weti taken. 

prior to completion of the 

.6. Rocedtue 
6.1 Use corcdrilling procedures when formations arc 

cncountcrcd that arc too hard KO bc wmpled by soil-sampling 
methods. A l-in. (25.4.mm) or less penetration for 50 blows 
in accordance with Method D 1586 or other criteria estab- 
Shed by the &ologist or engineq shall indicate 1ha1 
soil-sampting methods arc not applicable. 

6. I.1 Seat the casing on bedrock or in a firm formation to 
vent raveling of the borehole and to prevent 10s of 

drilling fluid. LcveI the surf&e ofthe rock or hard f&&ion 
at the bottom of the casing when nccc~~, using the 
appmpriate bits. Casing may be omitted if the bOrchole wip 
stand open without the casing. ’ . 

6.1.2 Begia the core tilling using an N&c doubk-tube 
swivel-type core bad or other SIzt or type approved by the 
engineer. Condauc core drilling until oo* bl~ckagc occurs or 
until tbe.nct kngth of the core barrel has been d&d in. 
Remove the core barrel from tbc bok and d&assemble it as 
nccessqtonmovcIhecor&Rcassembicthccoreba&and 
return it to tbc bole. Resume coring, + 

6.1.3 Phce the reoovercd core in the core kuc’with’tk 
upper Wrfkc~ end of tbc core at the upper-ktt corner of the 
wrc box as desahd la 5.1. Concinuc boxing core, with 
appropriate xnark&q B and blocks as described in 
5.1, wrap soft or fripbk cores or thOse which change 
nWcriaUy upon drying ia pkstk film or 8eaI in wax, IDc both, 
when such ttchtment is r&rod by the cnginccr. Use spacer 
Mocks or slugs properly ma&cd (a indicate any noticcabl~ 
pp in recovered eorc which might indicatz a change or void 
~0 the formation. Fit i?acturq b&kc& or jaintcd pieces of 
core together as they naturafly occumxk 

6.1.4 Srop the w drilling when soft matcriak arc ea. 
couJmtvd that product kss than so % rccway. If Wc&saIy, 
secure sampks of soft materiul~ ‘in accordance with the 
pmccdures desaibed in Method D 1586, Practkc D 1587, or 
Pmdce.D 3550, or by any other method acceptable to tk 
geologist or engineer. Resume diamond core drilling when 
refusal matcriafs as described in 6.1 we agztin encountcrcd, 

6.2 Subsurface structure, in&u&g the dip of strata, tbc 
OCCUJ~CJICC of seams, fksures, cavities, and broken arw an 
among the maFt important items to be detected and da 
scribed. Take special care to Obtain and reoord information 
about these fedurn. lf conditi011~ prevent the continued 
advance of the core &ill& the hoke should k cementi 
and redrilled, or reamed and cased, or cased and &vanccd 
with the next smalkr-size cow bar& as required by the 
gdogist or enghecr, 

6.3 Drilling mud or grouting tochniqucs must bc ap 
proved by the geolo&t or engineer prior to their use in tbc 
borehole. 

6.4 Comparibkity oJEq@ment: 
6.4.1 Whenever p~ssibk, core baxz& and drill mds 

should k sekcted from the same ktter-size dcsipwion to 
ensure maximum efficiency. See Tables 2 and 3. 

6.4.2 Never USC a combination of pump, driti rod, and 
core barrel thar y&s a ckar-water uphok velocity of kss 
thn 120 @/min. 

6.4.3 Never use a cOmbinatioa of air compresq, &iU 
JIM, and core bantl that yields a ckar-air ugbole velocity cf 
less than 3000 fi/min. 
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1. Boring Leg 
/ 7.1 The boring log shidl in&de the foJJowing 
1 7, t.1 Project idcntlfkatioa, borbg number, Jocatio~~, date 
jbosing hew+ date boring c~m~ktaI, and driller’s name. 

7.1.2 Elevation of the ground surface, 
XL3 Elevation of or depth to grouod water anti r&iag or 

ibwdng of kvd iaduding the dates and the times mcasund. 
’ 7.1.4 Ekvations or depths at whkh drillrag .fluJd mtura 
In) Iost 
: 7.J.S Size, type, and design of con barrd used. Size, type, 
md set of core biit and reaming shclJ used. Size, type, aruj 
fdalgtb of aJJ cadng used. Description oftiy mo.vehrcnts of 
‘lbe auJng. 

7.1.10 Depth, thicJaW, and appiucllt nature of tJle filJing 
Of each cavity or son scam encountered, inchuiing optrions 
gained fmm the feel or appearance of the inside of the inner 
tube when con is lost. Record opioions as such. 

7.1.11 Any~a%einthtcbaracterofthedriltingnuidor 
dlilling fluid rchttn. 

X1.12 Tidal and current information when the bortbok 
is suffidently close to a body of wata to be a&taL 

7.1.13 DriKing time in minutes per foot and bit ~essurc 
in pound-force per square inch gage when appticabk. 

7.1.ld Notationsofch~ofdrillin&thatis,soft,slow, 
a% =woth, etc. 

.- 7.1.6 Len& -of each core run and’ tbe JeqtJ~ or per- 
‘km- or ho& oftbe core reamrut 

7,1.7 Gcofo&t’s or engfncc?s dcsription of the fontla- 
:hfl recovered in each fua 

7.1.8 ‘DrJlJds d&iption, if no cxiginccr & geologist is 
pscut, or the formation rccovcred in each nm. 
; 7.1.9 Subsurface structure desaiption, in&a&g dip of 
,mta and jointing, cavities, fiircs, and any other observe- 
‘&smztdcbythcgeoJug&torcnginccr&atcouJdykJd 
Aebnnation regarding the fOrmatiO& 

8. PlFCiSbIImdBiru 
8.1 This pradcc does not produce numerkaJ data; there- 

fore, a p&&n and bias statuncut is not appCc&le. 

. 

. 
l 

. . 
) 
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MONITORING WELL INSTALLATION 

1.0 PURPOSE 

The purpose of this procedure is to provide general guidance and reference material regarding 

the installation of monitoring wells at various sites. 

2.0 SCOPE 

This SOP describes the methods of installing a groundwater monitoring well, and creating a 

Monitoring Well Installation Record. This SOP does not discuss drilling, soil sampling, 

borehole logging or related activities. These other activities are discussed in SOPS F102 and 

FlOl entitled Soil and Rock Sample Acquisition, and Borehole and Sample Logging, 

respectively. 

3.0 DEFINITIONS 
-. 

Monitoring Well - A monitoring well is a well which is properly screened, cased, and sealed to 

intercept a discrete zone of the subsurface, and is capable of providing a groundwater level and 

sample representative of the zone being monitored. 

Piezometer - A piezometer is a pipe or tube inserted into an aquifer or other water-bearing 

zone, open to water flow at the bottom, open to the atmosphere at the top, and used to measure 

water level elevations. Piezometers are not used for the collection of groundwater quality 

samples or aquifer characteristic data other than water level elevations. 

Drive Point - A monitoring well which includes a screen casing and hardened point fabricated 

from stainless steel that is driven into the soil to complete the well. The drive point can also be 

installed by ha!? ? augering to try to formulate a sand pack around the screen. 

4.0 RESPONSIBILITIES 

Project Manager - It is the responsibility of the Project Manager to ensure that field personnel 

installing monitoring wells are familiar with these procedures. The Project Manager also is 
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responsible for ensuring that all appropriate documents (e.g., test boring logs, monitoring well 

construction logs, etc.) have been correctly and completely filled out by the drilling inspector. 

Field ,Team Leader - The Field Team Leader is responsible for the overall supervision of all 

drilling, boring and well installation activities, and for ensuring that the well is completely 

and correctly installed and logged. The Field Team Leader also is responsible for ensuring 

that all drilling inspectors have been briefed on these procedures. The Field Team Leader is 

responsible to provide copies of the well construction logs and field log books to the Project File 

via the Project Manager on a weekly basis, unless otherwise specified by the Project Manager. 

Drilling Inspector (Site Geologist) - The Drilling Inspector or Site Geologist is responsible for 

the direct supervision of drilling and well installation activities. It is the Drilling Inspector’s 

responsibility to record details of the well installation, document subsurface conditions, 

complete the appropriate forms, supervise the drilling crew (or drilling supervisor), and record 

quantities of the drillers billable labor and materials. 

5.0 PROCEDURES 
P-- 

The objectives for the use of each monitoring well and of the entire array of wells must be 

clearly defined before the monitoring system is designed. Within the monitoring system, 

different monitoring wells may serve different purposes and, therefore, may require different 

types of construction. During all phases of the well design (both office and field), attention 

must be given to clearly documenting the basis for design decisions, the details of well 

construction, and the materials used. 

The objectives for installing monitoring wells may include: 

l Determining groundwater flow directions and velocities. 
l Sampling or monitoring for groundwater contamination. 
l Determining aquifer characteristics (e.g., hydraulic conductivity). 
l Facilitating site remediation via injection or recovery. 

In cases where only the groundwater flow direction or velocity needs to be determined, cluster 

piezometers or wells (i.e., wells completed to different depths in different boreholes at one data 

collection station) may be used. For groundwater quality monitoring or aquifer characteristic 
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determination, monitoring wells or cluster wells should be used. In areas that are inaccessible 

to drill rigs (i.e., unstable surface soils), driven wells (drive points) may be used. 

Siting of monitoring wells shall be performed after a preliminary estimation of groundwater 

flow direction. Typically, site visits, topographic mapping, regionaVloca1 hydrogeologic 

information, previously installed piezometers or monitoring wells, or information supplied by 

local drilling companies will provide information for siting wells. Flexibility should be 

maintained, so that well locations may be modified during the field investigation to account 

for site conditions (e.g., underground utilities). The elevation and horizontal location of all 

monitoring wells shall be determined through a site survey upon completion of well 

installation. 

Guidelines for Navy underground storage tank (UST) monitoring well construction are given 

in Attachment A. 

” 

5.1 Well Installation 

,-- 
The methods discussed in this section are applicable to shallow, small diameter monitoring 

wells. Project-specific modifications to these methods shall be documented in the Sampling 

and Analysis Plan. These modifications may include larger diameter shallow wells, 

extraction wells, deep monitoring wells requiring surface casing and other specially 

constructed well types. Typical shallow monitoring well construction details are shown in 

Figures A-l and A-2 in Attachment A for wells with flush-mounted and stick-up wells, 

respectively. 

Note that these procedures discuss well installation using a PVC screen and riser pipe. Other 

materials such as stainless steel or Teflon also are available. However, PVC generally is 

much less expensive and easier to work with than either stainless steel or Teflon. A 

disadvantage to using PVC is the potential for degradation of the materials, or release 

(leaching) of constituents into the groundwater. Because of these concerns, justification for 

using PVC must be developed on a project-specific basis. The checklist shown in Attachment 

B provides a format for developing this justification. 

Upon completion of each boring (refer to SOP FlOl and F102 for Borehole and Sample __ 

Logging, and Soil and Rock Sample Acquisition, respectively), monitoring wells will usually 
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be constructed using either two-inch or four-inch inside diameter (I.D.) screen and riser. 

Schedule 40 PVC, threaded, flush-joint casings with a continuous #lO slot (O.OlO-inch), 

threaded, flush-joint PVC screen. A larger or smaller diameter screen may be used to 

accommodate site-specific geologic conditions. If wells are to be constructed over 100 feet in 

length, or in high traffic areas, or under other unusual conditions, Schedule 80 PVC may be 

used because of its greater strength. 

An appropriate length of well screen shall be installed in each boring. The length of screen 

typically varies from 1 to 20 feet depending on site-specific conditions. For UST and/or light 

non-aqueous phase liquid (INAPL) applications, the screen should be installed such that at 

least two-feet of screen is above the water table and the remainder of the screen extends below 

the water surface so that free product can enter the well. Should very shallow water table 

conditions be encountered, the screened interval in both the saturated and unsaturated zones 

may be reduced to ensure an adequate well seal above the screened interval. If this situation 

is expected, it should be addressed in the project plans, as necessary. A six-inch section of PVC 

casing may be placed at the bottom of each screen to act as a settling cup for tines which may 

pass through the filter pack and screen. 

Other applications may call for different screen placement depending on the zone to be 

monitored and the expected contaminants. For example, monitoring for dense non-aqueous 

phase liquids (DNAPLS) may require placing the screened interval in a “sump” at the base of 

the aquifer. Depending on the purpose of the monitoring well, the riser pipe may extend from 

the top of the screened interval to either six inches below the ground surface (for flush- 

mounted wells) to between approximately one and two feet above the ground surface ffor wells 

completed with stick-up. 

The annular space around the screen is to be successfully backfilled with a well graded quartz- 

sand, sodium bentonite and cement/bentonite grout as the hollow-stem augers are being 

withdrawn from the borehole. The sand size used in well construction will be appropriate for 

the formation monitored by the well. Sand shall carefully be placed, preferably via tremie 

pipe, from the bottom of the boring to a minimum of two feet (or 20 percent of the total screen 

length) above the top of the screened interval. A lesser distance above the top of the screened 

interval may be packed with sand if the well is very shallow to allow for placement of sealing 

materials. 
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A sodium bentonite seal at least two- to three-foot thick shall be place above the sand pack. 

The bentonite shall be allowed to hydrate for at least 20 minutes before further completion of 

the well. Deionized water will be added to the well to hydrate the bentonite, if necessary. For 

deep wells, a bentonite slurry may be more appropriate than pellets due to problems with 

bridging in the annular space. 

The annular space above the bentonite seal will be backfilled with a cement-be&o&e grout 

consisting of three to four percent bentonite powder (by dry weight) and seven gallons of 

potable water per 94 pound bag of portland cement. The grout mixture shall be specified in the 

project plans. The grout will be tremied into the annular space, preferably with a side- 

discharge tremie pipe, into annular spaces greater than ten feet high. If the annular space is 

less than ten feet high, the grout may be poured directly into the annular space. 

The depth intervals of all backfill materials shall be measured with a weighted measuring 

tape to the nearest 0.1 foot and recorded on the Field Monitoring Well Construction Record or 

in a field logbook. 

5.2 Drive: Points 

Drive points may be constructed in one of two ways. If the drive point is hammered into place, 

no other well construction will take place. (Note that the well assembly is fabricated from 2- 

inch diameter stainless steel and includes a screen casing, and hardened point). If a hand 

augered borehole is used, the following procedure will be utilized: a 4-inch diameter hand 

auger will be advanced to the desired depth below the water table. If the borehole collapses, a 

5-inch diameter PVC pipe could be hammered into the collapsing borehole and reaugered to 

clean out the soils until final depth is achieved. A 2-inch diameter drive point will be placed in 

the open borehole. A sand pack will be placed around the drive point to a depth that is 

approximately 1 foot above the screened interval (if conditions permit). A bentonite seal will 

be placed abov- .he sand pack to the top of the borehole. Grout will not be used in drive points. 

Because of the anticipated marsh conditions, concrete surface completion will not be required. 

The drive points will be sampled according to SOP F104, “Groundwater Sample Acquisition.” 

After installation, the drive points will be developed. To assist with the development, the well 

screens will be cleaned with a wire brush and distilled water, and then developed according to 

Section 5.3 of SOP F103 “Monitoring Well Installation.” 
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5.3 Surface Comrrletion 

There are several methods for surface completion of monitoring wells. Two such methods are 

discussed below. 

The first method considers wells completed with stick-up. The aboveground section of the 

PVC riser pipe will be protected by installation of a four or six-inch diameter, five-foot long 

steel casing with locking cap and lock into the cement grout. The bottom of the surfa.ce casing 

will be placed at a minimum of Z-112, but not more than 3-l/2 feet below the ground surface. 

For very shallow wells, a steel casing of less than five-feet in length may be used, as space 

permits. The protective steel casing shall not fully penetrate the bentonite seal. 

The top of each well will be protected with the installation of three, three-inch diameter, five- 

foot long steel pipes for UST projects (four for IR project&and have a concrete apron. The steel 

pipes shall be embedded to a minimum depth of 26feet in 3,000 psi concrete. Each pipe shall 

also be filled with concrete. A concrete apron approximately five-feet by five-feet by O.&feet 

thick shall be placed at the same time the pipes are installed. The steel pipes shall be painted 

with day-glo yellow paint, or equivalent. 

The second method considers flush-mounted wells, typically installed in traffic areas. The 

monitoring well shall be completed at the surface using a “flush” mount type cover. If the well 

is installed through a paved or concrete surface, the annular space shall be grouted to a depth 

of at least 25feet and the well shall be finished with a concrete collar. If the well has not been 

installed through a paved or concrete surface, the well shall be completed by construction of a 

five-foot by five-foot by O&foot thick apron made of 3,000 psi concrete. The concrete shall be 

crowned to meet the finished grade of the surrounding pavement, as required. If appropriate, 

the vault around the buried wellhead will have a water drain to the surrounding soil and a 

watertight cover. 

Project specific tasks may require that all monitoring wells shall be labeled by metal stamping 

on the exterior of the protective steel casing locking cap, and aleo by labeling on the exterior of 

the steel casing or manhole cover in accordance with applicable state and local requirements. 

For underground storage tank applications, the labeling shall consist of the letters UGW (UST 

Groundwater), and a number specific to each well. A sign reading “Not For Potable Use or 

Disposal” also ehall be firmly attached to each well. Alternately, well iden,tification 
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information may be stamped on a metal plate and attached to the well protective steel casing 

or embedded in the concrete apron, if appropriate. 

5.4 Well Development 

There are two stages of well development, initial and sampling. Sampling development is 

described in SOP F104, Groundwater Sample Acquisition. Initial development takes place 

after the completion materials have stabilized, as the last part of well construction. 

The purposes of the initial development are to stabilize and increase the permeability of the 

filter pack around the well screen, to restore the permeability of the formation which may 

have been reduced by the drilling operations, and to remove fine-grained materials that may 

have entered the well or filter pack during installation. The selection of the well development 

method typically is based on drilling methods, well construction and installation details, and 

the characteristics of the formation. Any equipment that is introduced into the well during 

development shall be decontaminated in accordance with the SOP F501, entitled 

‘Decontamination of Drilling Rigs and Monitoring Well Materials.” A detailed discussion of 

well development is provided in Driscoll, 1986. 

Well development shall not be initiated until a minimum of 24 hours has elapsed subsequent 

to well completion. This time period will allow the cement grout to set. Wells typically are 

developed using bailers, low-yield pumping, or surging with a surge block or air. The 

appropriate method shall be specified in the project plans. 

In general, all wells shall be developed until well water runs relatively clear of fine-grained 

materials. Note that the water in some wells does not clear with continued development. 

Typical limits placed on well development may include any one of the following, 

l Clarity of water based on visual determination. 

l A minimum pumping time period (typically one hour for shallow wells 10 to 30 feet 
deep). 

l A minimum borehole volume (typically five borehole volumes) or until well goes dry. 

l Stability of specific conductance and temperature measurements (typically less than 
10 percent change between three successive measurements). 
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In addition, a volume equal to any water added during drilling will be removed above and 

beyond the requirement specified above. 

Well ,development limits shall be specified in project-specific plans. A record of the well 

development (Figure A-3 in Attachment A) also shall be completed to document the 

development process. 

Usually, a minimum period of two weeks should elapse between the end of initial development 

and the fast sampling event for a well. This equilibration period allows groundwater 

unaffected by the installation of the well to occupy the vicinity of the screened interval. 

However, this stabilization period may be adjusted based upon project-specific requirements. 

5.5 Contaminated Materials Handling 

SOP F504, entitled “Handling of Site Investigation Derived Waste,” discusses the procedures 

to be used for the handling of auger cuttings, decontamination water, steam pad water, and 

development and purge water. Specific handling procedures should be delineated in the 

project plans. In general, all site investigation generated wastes shall be containerized unless 

otherwise speciEed by LANTDIV. The disposition of these wastes shall be determined after 

receipt of the appropriate analytical results. 

5.6 Well Construction Low 

Field Well Construction Logs shall be completed by the Drilling Inspector for each monitoring 

well installed. These logs preferably shall be completed as the well is being constructed. 

However, due to space limitations on this form it may be more practical to record well 

installation information in the field logbook and later transfer it to the Well Construction Log. 

If well construction information is recorded in the field logbook, it must be transferred to the 

appropriate form within five days, and prior to demobilization from the field. 

Field Well Construction Logs (in Attachment 0, shall include not only well construction 

information, but also information pertaining to the amount of materials used for construction. 

Some of the following items shall be recorded on the Field Well Construction Log, or in the 

field logbook, as appropriate: 
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Project name and location. 

CT0 number. 

Date and weather. 

Well identification designation. 

Drilling company and driller. 

Top of casing elevation (information collected after the site survey). 

Pay items including amount of screen and riser pipe used, amounts of cement, 
bentonite and sand used, and other well construction items. 

Well casing and borehole diameters. 

Elevations of (or depth to) top of steel casing, bottom of well, top of filter pack, top of 
be&mite seal, top of screen. 

The information on the Field Well Construction Log will be used to generate a final Well 

Construction Log which combines the Field Boring and Well Construction Logs into one 

package. An example of all three documents is presented in Attachment C. 

6.0 QUALITYASSURANCERECORDS 

The Field Well Construction Record is the principle quality assurance record generated from 

well installation activities. Additionally, a Field Well Development Record shall also be 

completed, as well as pertinent comments in the field logbook. 

7.0 REFERENCES 

1. Driscoll, Fletcher, G. Groundwater and Wells , Johnson division. St. Paul, Minnesota. 

2nd ed. 1986. 

2. Roscoe Moss Company. Handbook of Ground Water Development. John Wiley & Sons. 

New York. 1990. 

3. USEPA. RCRA Ground-Water Monitoring Technical Enforcement Guidance Document. 

September, 1986. 

4. Aller, L. et al. Handbook of Suggested Practices for the Design and Installation of Ground 

Water Monitorinp Wells. National Water Well Association. Dublin, Ohio. June, 1989. 
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FIGURE A.3 

FIELD WELL DEVELOPMENT RECORD 
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ATTACHMENT B 

ALTERNATE WELL CASING MATERIAL JUSTIFICATION 

The following is EPA’s minimum seven point information requirements to justify tlhe use of 

PVC as an alternate casing material for groundwater monitoring wells. If requested1 by EPA 

(USEPA Region IV), justification of the use of PVC should be developed by addressing each of 

the following items. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

The Data Quality Objectives (DQOs) for the samples to be collected from wells with 

PVC casing as per EPA/540/G-87/003, “Data Quality Objectives for Remedial 

Response Activities.” 

The anticipated compounds and their concentration ranges. 

The anticipated residence time of the sample in the well and the aquifer’s productivity. 

The reasons for not using other casing materials. 

Literature on the adsorption characteristics of the compounds and elements of interest 

for the type of PVC to be used. 

Whether the wall thickness of the PVC casing would require a larger annular space 

when compared to other well construction materials. 

The type of PVC to be used and, if available, the manufacturers specifications, and an 

assurance that the PVC to be used does not leach, mask, react or otherwise interfere 

with the contaminants being monitored within the limits of the DQOs. 
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GROUNDWATER SAMPLE ACQUISITION 

1.0 PURPOSE 

The purpose of this guideline is to provide general reference information on the sampling of 
groundwater wells. The methods and equipment described are for the collection of water samples 
from the saturated zone of the subsurface. 

2.0 SCOPE 

This guideline provides information on proper sampling equipment and techniques for groundwater 
sampling. Review of the information contained herein will facilitate planning of the field sampling 
effort by describing standard sampling techniques. The techniques described should be followed 
whenever applicable, noting that site- specific conditions or project-specific plans may require 
adjustments in methods. 

3.0 DEFINITIONS 

None. -, 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans are 
in accordance with these procedures, where applicable, or that other, approved procedures are 
developed. The Project Manager is responsible for development of documentation of procedures 
which deviate from those presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the specific 
groundwater sampling techniques and equipment to be used, and documenting these in the Sampling 
and Analysis Plan. It is the responsibility of the Field Team Leader to ensure that these procedures 
are implemented in the field and that personnel performing sampling activities have been briefed 
and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these 
procedures, or to follow documented, project- specific procedures as directed by the Field Team 
Leader and the Project Manager. The sampling personnel are responsible for the proper acquisition 
of groundwater samples. 

5.0 PROCEDURES 

To be useful and accurate, a groundwater sample must be representative of the particular zone being 
sampled. The physical, chemical, and bacteriological integrity of the sample must be maintained .---_ 
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from the time of sampling to the time of testing in order to minimize any changes in water quality 
parameters. 

The groundwater sampling program should be developed with reference to ASTM D4448-85A, 
Standard Guide for Sampling Groundwater h4onitoring Wells (Attachment A). This reference is not 
intended as a monitoring plan or procedure for a specific application, but rather is a review of 
methods. Specific methods shall be stated in the Sampling and Analysis Plan (SAP). 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative 
sample of the groundwater are to avoid collection of stagnant (standing) water in the well and to 
avoid physical or chemical alteration of the water due to sampling techniques. In a non-pumping 
well, there will be little or no vertical mixing of water in the well pipe or casing, and stratification 
will occur. The well water in the screened section will mix with the groundwater due to normal flow 
patterns, but the well water above the screened section will remain largely isolated and become 
stagnant. To safeguard against collecting non-representative stagnant water in a sample, the 
following approach should be followed during sample withdrawal: 

1. All monitoring wells shall be pumped or bailed prior to withdrawing a sample. 
Evacuation of three to five volumes is recommended for a representative sample. 

2. Wells that can be pumped or bailed to dryness with the sampling equipment being 
used, shall be evacuated and allowed to recover prior to sample withdrawal. If the 
recovery rate is fairly rapid and time allows, evacuation of at least three well 
volumes of water is preferred; otherwise, a sample will be taken when enough water 
is available to fill the sample containers. 

Stratification of contaminants may exist in the aquifer formation. This is from concentration 
gradients due to dispersion and diffusion processes in a homogeneous layer, and from separation of 
flow streams by physical division (for example, around clay lenses) or by contrasts in permeability 
(for example, between a layer of silty, fine sand and a layer of medium sand). 

Purging rates and volumes for non-production wells during sampling development should be 
moderate; pumping rates for production wells should be maintained at the rate normal for that well. 
Excessive pumping can dilute or increase the contaminant concentrations in the recovered1 sample 
compared to what is representative of the integrated water column at that point, thus result in the 
collection of a non- representative sample. Water produced during purging shall be collected, stored 
or treated and discharged as allowed. Disposition of purge water is usually site- specific and must 
be addressed in the Sampling and Analysis Plan. 

5.1 

Sample containers shall conform with EPA regulations for the appropriate contaminants and to the 
specific Quality Assurance Project Plan. 
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The following list is an example of the type of equipment that generally must be on hand when 
sampling groundwater wells: 

1. Sample packaging and shipping equipment: Coolers for sample shipping and 
cooling, chemical preservatives, and appropriate packing cartons and filler, labels 
and chain-of-custody documents. 

2. Field tools and instrumentation: PID; Thermometer; pH meter; specific 
conductivity meter; appropriate keys (for locked wells) or bolt-cutter; tape 
measure; plastic sheeting; water- level indicator; calibrated buckets and, where 
applicable, flow meter. 

3. Pumps 

a. Shallow- well pumps: Centrifugal, Packer Pumps, pitcher, suction, or 
peristaltic pumps with droplines, air-lift apparatus (compressor and 
tubing), as applicable. 

b. Deep-well pumps: Submersible pump and electrical power generating 
unit, bladder pump with compressed air source, or air-lift apparatus, as 
applicable. 

-.. 

4. Tubing: Sample tubing such as teflon, polyethylene, polypropylene, or PVC. 
Tubing type shall be selected based on specific site requirements and must be 
chemically inert to the groundwater being sampled. 

5. Other Sampling Equipment: Bailers, Packer Pumps, teflon- coated wire, stainless 
steel single strand wire, and polypropylene monofilament line (not acceptable in 
EPA Region I) with tripod-pulley assembly (if necessary). Bailers shall be used 
to obtain samples for volatile organics from shallow and deep groundwater wells. 

6. Pails: Plastic, graduated. 

7. Decontamination equipment and materials: discussed in SOP F501 and F502. 

Ideally, sample withdrawal equipment should be completely inert, economical, easily cleaned, 
sterilized, and reusable, able to operate at remote sites in the absence of power sources, and capable 
of delivering variable rates for well purging and sample collection. 
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The volume of the cylinder of water in a well is given by: 

Where: V =volume of standing water in well (in cubic feet) 
r-well radius (in feet) 
h=standing water in well (in feet) 

To insure that the proper volume of water has been removed from the well prior to sampling, it is 
first necessary to determine the volume of standing water in the well pipe or casing. The volume 
can be easily calculated by the following method. Calculations shall be entered in the field logbook: 

1. Obtain all available information on well construction (location, casing, screens, 
etc.). 

2. Determine well or casing diameter (D). 

3. Measure and record static water level (DW-depth to water below ground level or 
top of casing reference point), using one of the methods described in Section 5.1 of 
SOP F202. 

4. Determine the depth of the well (TD) to the nearest O.Ol-foot by sounding using 
a clean, decontaminated weighted tape measure, referenced to the top of PVC 
casing or ground surface. 

5. Calculate number of linear feet of static water (total well depth minus the depth to 
static water level). 

6. Calculate the volume of water in the casing: 

VW = R2 (TD-DW) 

Vga = V, x 7.48 gallons@ 

V pll%e = Vgal ( # Well Vol) 

Where: 

VW 

k 
TD 
DW 

= Volume of water standing in well in cubic feet (i.e., one well volume) 
= pi, 3.14 
= Well radius in feet (use D/12) if D is in inches) 
= Total depth of well in feet (below ground surface or top of casing) 
= Depth to water in feet (below ground surface or top of casing) 
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Vd = Volume of water in well in gallons 
V Pw = Volume of water to be purged from well in gallons 
# Well Vol. =Number of well volumes of water to be purged from the well (typically 

three to five) 

7. Determine the minimum number of gallons to be evacuated before sampling. 
(Note: Vrm, should be rounded to the next highest whole gallon. For example, 7.2 
gallons should be rounded to 8 gallons.) 

Table 5- 1 lists gallons and cubic feet of water per standing foot of water for a variety of well 
diameters. 

TABLE 5-l 
WELL VOLUMES 

5.3 Evacuation of Static Water (purh@ 

The amount of purging a well should receive prior to sample collection will depend on the intent of 
the monitoring program and the hydrogeologic conditions. Programs to determine overall quality 
of water resources may require long pumping periods to obtain a sample that is representative of a 
large volume of that aquifer. The pumped volume may be specified prior to sampling so that the 
sample can be a composite of a known volume of the aquifer. 

For defining a contaminant plume, a representative sample of only a small volume of the aquifer is 
required. These circumstances require that the well be pumped enough to remove the stagnant water 
but not enough to induce significant groundwater flow from a wide area. Generally, three to five 
well volumes are considered effective for purging a well. 

An alternative method of purging a well, and one accepted in EPA Regions I and IV, is to purge a 
well continuously (usually using a low volume, low flow pump) while monitoring specific 
conductance, pH, and water temperature until the values stabilize. The well is considered properly 
purged when the values have stabilized. 

,I_ 
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If a well is dewatered before the required volume is purged, the sample should be collected from the 
well once as a sufficient volume of water has entered the well. In order to avoid stagnation, ,the well 
should not be allowed to fully recharge before the sample is collected. The field parameters (pH, 
conductance, and temperature) should be recorded when the well was dewatered. 

The Project Manager shall define the objectives of the groundwater sampling program in the 
Sampling and Analysis Plan, and provide appropriate criteria and guidance to the sampling 
personnel on the proper methods and volumes of well purging. 

5.3.1 Evacuation Devices 

The following discussion is limited to those devices which are commonly used at hazardous waste 
sites. Note that all of these techniques involve equipment which is portable and readily available. 

Bailers - Bailers are the simplest evacuation devices used and have many advantages. They 
generally consist of a length of pipe with a sealed bottom (bucket-type bailer) or, as is more 
useful and favored, with a ball check-valve at the bottom. An inert line 
(e.g., Teflon-coated) is used to lower the bailer and retrieve the sample. 

Advantages of bailers include: 

0 Few limitations on size and materials used for bailers. 
0 No external power source needed. 
0 Inexpensive. 
0 Minimal outgassing of volatile organics while the sample is in the bailer. 
a Relatively easy to decontaminate and use. 

Limitations on the use of bailers include the following: 

0 Limited volume of sample. 
0 Time consuming to remove stagnant water using a bailer. 
0 Collection and transfer of sample may cause aeration. 
0 Use of bailers is physically demanding, especially in warm temperatures 

at protection levels above Level D. 
0 Unable to collect depth- discrete sample. 

Suction - There are many different types of inexpensive suction pumps including 
centrifugal, diaphragm, peristaltic, and pitcher pumps. Centrifugal and diaphragm pumps 
can be used for well evacuation at a fast pumping rate and for sampling at a low pumping 
rate. The peristaltic pump is a low volume pump (generally not suitable for well Ipurging) 
that uses rollers to squeeze a flexible tubing, thereby creating suction. This tubing can be 
dedicated to a well to prevent cross contamination. The pitcher pump is a common farm 
hand- pump. 
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These pumps are all portable, inexpensive and readily available. However, because they are 
based on suction, their use is restricted to areas with water levels within 10 to 25 feet of the 
ground surface. A significant limitation is that the vacuum created by these pumps will 
cause significant loss of dissolved gases, including voiatile organics. In addition, the 
complex internal components of these pumps may be difficult to decontaminate. 

Gas-Lift Samples - This group of samplers uses gas pressure either in the annulus of the 
well or in a venturi to force the water up a sampling tube. These pumps are also relatively 
inexpensive. Gas lift pumps are more suitable for well development than for sampling 
because the samples may be aerated, leading to pH changes and subsequent trace metal 
precipitation or loss of volatile organics. An inert gas such as nitrogen is generally used as 
a gas source. 

Submersible Pumps - Submersible pumps take in water and push the sample up a sample 
tube to the surface. The power sources for these samplers may be compressed air or 
electricity. The operation principles vary and the displacement of the sample can be by an 
inflatable bladder, sliding piston, gas bubble, or impeller. Pumps are available for two- inch 
diameter wells and larger. These pumps can lift water from considerable depths (several 
hundred feet). 

Limitations of this class of pumps include: 

.-. 

0 Potentially low delivery rates. 
0 Many models of these pumps are expensive. 
0 Compressed gas or electric power is needed. 
0 Sediment in water may cause clogging of the valves or eroding the 

impellers with some of these pumps. 
l Decontamination of internal components is difficult and time-consuming. 

5.4 Sampling 

The sampling approach consisting of the following, should be developed as part of the Sampling and 
Analysis Plan prior to the field work: 

1. Background and objectives of sampling. 

2. Brief description of area and waste characterization. 

3. Identification of sampling locations, with map or sketch, and applicable well 
construction data (well size, depth, screened interval, reference elevation). 

4. Sampling equipment to be used. 
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5. Intended number, sequence volumes, and types of samples. If the relative degrees 
of contamination between wells is unknown or insignificant, a sampling sequence 
which facilitates sampling logistics may be followed. Where some wells are known 
or strongly suspected of being highly contaminated, these should be sampled last 
to reduce the risk of cross- contamination between wells as a result of the sampling 
procedures. 

6. Sample preservation requirements. 

7. Schedule. 

8. List of team members. 

9. Other information, such as the necessity for a warrant or permission of entry, 
requirement for split samples, access problems, location of keys, etc. 

5.4.1 Sampling Methods 

The collection of a groundwater sample includes the following steps: 

1. First open the well cap and use volatile organic detection equipment (HNu or OVA) 
on the escaping gases at the well head to determine the need for respiratory 
protection. This task is usually performed by the Field Team Leader, Health and 
Safety Officer, or other designee. 

2. When proper respiratory protection has been donned, measure the total depth and 
water level (with decontaminated equipment) and record these data in the field 
logbook. Calculate the fluid volume in the well according to Section 5.2 of this 
SOP. 

3. Lower purging equipment or intake into the well to a distance just below the water 
level and begin water removal. Collect the purged water and dispose of it in an 
acceptable manner (e.g., DOT-approved 55-gallon drum). 

4. Measure the rate of discharge frequently. A bucket and stopwatch are most 
commonly used; other techniques include using pipe trajectory methods, weir boxes 
or flow meters. Record the method of discharge measurement. 

5. Observe peristaltic pump intake for degassing “bubbles” and all pump discharge 
lines. If bubbles are abundant and the intake is fully submerged, this pump is not 
suitable for collecting samples for volatile organics. The preferred method for 
collecting volatile organic samples and the accepted method by EPA Regions I 
through IV is with a bailer. 
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Purge a minimum of three to five well volumes before sampling. In low 
permeability strata (i.e., if the well is pumped to dryness), one volume will suffice. 
Allow the well to recharge as necessary, but preferably to 70 percent of the static 
water level, and then sample. 

Record measurements of specific conductance, temperature, and pH during purging 
to ensure that the groundwater level has stabilized. Generally, these measurements 
are made after the removal of three, four, and five well volumes. 

If sampling using a pump, lower the pump intake to midscreen or the middle of the 
open section in uncased wells and collect the sample. If sampling with a bailer, 
lower the bailer to the sampling level before filling (this requires use of other than 
a “bucket-type” bailer). Purged water should be collected in a designated container 
and disposed of in an acceptable manner. 

(For pump and packer assembly only). Lower assembly into well so that packer is 
positioned just above the screen or open section and inflate. Purge a volume equal 
to at least twice the screened interval or unscreened open section volume below the 
packer before sampling. Packers should always be tested in a casing section above 
ground to determine proper inflation pressures for good sealing. 

In the event that groundwater recovery time is very slow (e.g., 24 hours), sample 
collection can be delayed until the following day. However, it is preferred that such 
a well be bailed early in the morning so that sufficient volume of water may be 
standing in the well by the day’s end to permit sample collection. If the well is 
incapable of producing a sufficient volume of sample at any time, take the largest 
quantity available and record in the logbook. 

Add preservative if required (see SOP F301). Label, tag, and number the sample 
bottle(s). 

Volatile organics septum vials (40 ml) should be completely filled to prevent 
volatilization and extreme caution should be exercised when filling a vial to avoid 
turbulence which could also produce volatilization. The sample should be carefully 
poured down the side of the vial to minimize turbulence. As a rule, it is best to 
gently pour the last few drops into the vial so that surface tension holds the water 
in a “convex meniscus.” The cap is then applied and some overflow is lost, but air 
space in the bottle is eliminated. After capping, turn the bottle over and tap it to 
check for bubbles; if any are present, repeat the procedure. If the second attempt 
still produces air bubbles, note on Chain- of- Custody form and in field notebook 
and submit sample to the laboratory. 

Fill the remaining sample containers in order of decreasing volatilability 
(semi-volatiles next, then pesticides, PCBs, inorganics, etc.). 

.-- 
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13. Replace the well cap. Make sure the well is readily identifiable as the source of the 
samples. 

14. Pack the samples for shipping (see SOP F301). Attach custody seals to the shipping 
container. Make sure that Chain-of-Custody forms and Sample Analysis Request 
forms are properly filled out and enclosed or attached (see SOP F302). 

15. Decontaminate all equipment. 

5.4.2 Sample Containers 

For most samples and analytical parameters, either glass or plastic containers are satisfactory. SOP 
F301 describes the required sampling containers for various analytes at various concentrations. 
Container requirements shall follow those given in NEESA 20.2 047B. 

5.4.3 Preservation of Samples and Sample Volume Requirements 

Sample preservation techniques and volume requirements depend on the type and concentration of 
the contaminant and on the type of analysis to be performed. SOP F301 describes the sample 
preservation and volume requirements for most of the chemicals that will be encountered during 
hazardous waste site investigations. Sample volume and preservation requirements shall follow 
those given in NEESA 20.2-047B. 

5.4.4 Field Filtration 

In general, preparation and preservation of water samples for dissolved inorganics involve some 
form of filtration. All filtration must occur in the field immediately upon collection. The 
recommended method is through the use of a disposable in-line filtration module (0.45 micron 
filter) utilizing the pressure provided by the upstream pumping device for its operation. 

In Region I, all inorganics are to be collected and preserved in the filtered form, including metals. 
In Region II, metals samples are to be analyzed as “total metals” and preserved unfiltered. In 
Regions III and IV, samples collected for metals analysis are also to be unfiltered. However, if 
metals analysis of groundwater is required, then both an unfiltered and filtered sample are to be 
collected, regardless of regulatory requirements. Filtration and preservation are to occur 
immediately in the field with the sample aliquot passing through a 0.45 micron filter. Samples for 
organic analyses shall never be filtered. Filters must be prerinsed with organic-free, deionized 
water. 

5.4.5 Handling and Transporting Samples 

After collection, samples should be handled as little as possible. It is preferable to use 
self-contained “chemical” ice (e.g., “blue ice”) to reduce the risk of contamination. If water ice is 
used, it should be double- bagged and steps taken to ensure that the melted ice does not cause sample 
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containers to be submerged, and thus possibly become cross- contaminated. All sample containers 
should be enclosed in plastic bags or cans to prevent cross-contamination. Samples should be 
secured in the ice chest to prevent movement of sample containers and possible breakage. Sample 
packing and transportation requirements are described in SOP F30 1. 

54.6 Sample Holding Times 

Holding times (i.e., allowed time between sample collection and analysis) for routine samples are 
given in NEESA 20.2-047B. 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each sample that is collected. The following 
information will be recorded in the Field Logbook: 

0 Sample identification (site name, location, project no.; sample name/number and 
location; sample type and matrix; time and date; sampler’s identity). 

0 Sample source and source description. 

0 Field observations and measurements (appearance; volatile screening; field 
chemistry; sampling method; volume of water purged prior to sampling; number of 
well volumes purged). 

0 Sample disposition (preservatives added; lab sent to; date and time). 

0 Additional remarks, as appropriate. 

Proper chain- of-custody procedures play a crucial role in data gathering. SOP F302 describes the 
requirements for correctly completing a chain- of- custody form. Chain-of-custody forms (and 
sample analysis request forms) are considered quality assurance records. 

7.0 REFERENCES 

American Society of Testing and Materials. 1987. Standard Guide for SamDling: Groundwater 
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Sampling GrouFdwatet Moni@qg W@l$ . . ,, ., ,,, .,, ,, : 

This standard is issued under the fixed d@nation D c148; the number immalirtdy l%lkwiol( tk designation iadiitm ti yes of 
~nrldoptionor,inthecueofmioion.thcyaroflur~ . A number in parentheses indicates the yur of last md. A 
supacript epsilon (0 indiata an alitohal change sina the hst twision or ruppfoval. 

1. scope 
1 .I This guide covers procedures for obtaining valid, 

representative samples from groundwater monitoring wells. 
The scope is limited to sampling and ‘in the field” preserva- 
tion and does not include well location, depth, well develop 
merit, design and constmction, screening, or analytical 
Pn>ctdU=. 

1.2 This guide is only intended to provide a review of 
many of the .most commonly used methods for sampling 
groundwater quality monitoring webs and is not intended to 
serve as a groundwater monitoring plan for any specific 
application. Because of the large and ever increasing number 
of options available, no single guide can be viewed as 
compmhensive. The practitioner must make every effort to 
ensure that the methods used, whether or not they are 
addressed in this guide, are adequate to sati@ the moni- 
toting objectives at each site. 

1.3 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not puqwrt to 
address all of the safety problems associated with its use. It is 

‘Y- the responsibiiity of whoever uses this stan&rd to cons& and 
estabIish approptiate safety and health practices and deter- 
mine the applicability of regUatory limitations prior to use. 

2. Summary of Guide 
2.1 The equipment and procedures used for sampling a 

monitoring well depend on many factors. These include, but 
are not limited to, the design and construction of the well, 
rate of groundwater flow, and the chemical species of 
interest Sampling procedures will be different if anal&g 
for trace organics, volatiles, oxidizable species, or trace 
metals is needed. This guide considers all of these factors by 
dkcussing equipment and procedure options at each stage of 
the sampling sequence. For ease of organimtion, the sam- 
pling process can be divided into three steps: well flushing, 
sample withdrawal,-and field preparation of samples, 

2.2 Monitoring wells must be llushed prior to sampling so 
that the groundwater is sampled not the stagnant water in 
the well casing. If the well casing can be emptied this may be 
done although it may be necessary to avoid oxygen contact 
with the groundwater. If the well cannot be emptied, 
procedures must be established to demonstrate that the 

. sample represents groundwater. Monitoring an indicative 
parameter such as pH during flushing is desirable if such a 
parameter can be identified. 

.- ’ This guide is under the jurMctioa of ASTM Committa D-34 on Waste 
stiz is the dkct responsibility of Subcommittee D34.01 on SampiinS and 

Current edition approved fug 23 and Oct. 25. 1985. Published May 1986. 

2.3 The types of species that are to be monitored as well as 
the concentration levels are prime factors for selecting 
sampling devices (1, 2).’ The sampling device and all 
materials and devices the water contacts must be constructed 
of materials that will not introduce contaminants or alter the 
analyte chemically in any way. 

2.4 The method of sample withdrawal can vary with the 
parameters of interest. The ideal sampling scheme would 
employ a completely inert material, would not subject the 
sample to negative pressure and onfy moderate positive 
pressure, would not expose the sample to ,the atmosphere, or 
ptefembly, any other gaseous atmosphere before conveying it 
to the sample container or flow cell for on-site analysis. 

2.5 The degree and type of el%ort and care that goes into a 
sampling program is always dependent on the chemical 
species of interest and the concentration levels of interest As 
the concentration level of the chemical species of analytical 
interest dcawses, the work and precautions necessary for 
sampling are incmased. The&ore, the sampling objective 
must clearly be defined ahead of time. For example, to 
prepare equipment for sampling for m@L (ppm) levels of 
Total Grganic &bon (TGC) in water is about an order of 
magnitude easier than prep&ng to sample for pg& (ppb) 
levels of a trace organic like benzene. The specific precau- 
tions to be taken in preparing to sample for tract otganics are 
diGrent from those to be taken in sampling for trace metals. 
No linal Environmental Protection Agency (EPA) protocol is 
available for sampling of trace organics. A short guidance 
manual, (3) and an EPA document (4) concerning moni- 
toring well sampling, including considerations for trace 
organics are available. 

2.6 Can must be taken not to cross contaminate samples 
or monitoring wells with sampling or pumping devices or 
materials. All samples, sampling devices, and containers 
must be protected from the environment when not in use. 
Water level measurements should be made before the well is 
flushed. Gxidation-reduction potential, pH, dissolved ox- 
ygen, and temperature measurements and filtration should 
all be pedormed on the sample in the field, if possible. All 
but temperature m easumment must be done prior to any 
significant atmospheric exposure, if possible. 

2.7 The sampling procedures must be well planned and all 
sample containers must be prepared and labeled prior to 
going to the field. 

3. Significance and Use 
3.1 The quality of groundwater has become an issue of 

national concern. Groundwater monitoring wells are one of 

’ The bddfacz aumbm in parentheses r&r to a list of &crcnces at the end of 
this guide. 
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TABLE 1 Typicel Container and Preservation Requirements for a Ground-Water Monitoring Program 
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the more important tools for evaluating the quality’ of 
groundwater, delineating contamination plumes, and estab- 
lishing the. integrity of hazardous material management 
facilities. 

3.2 The goal in sampling groundw&r monitoring wells is 
to obtain samples that are truly repmsentative of the aquifer 
or groundwater in question. This guide discusses the advan- 
tages and disadvantages of various well flushing, sample 
withdrawal, and sample preservation techniques. It reviews 
the parameters that need to be considered in deveIoping a 
valid sampling plan. 

4. Well Flushing (Pmging) 
4.1 Water that stands within a monitoring well for a long 

period of time may becouie unrepresentative of formation 
water because chemical or biochemical change may cause 
water quality alterations and even ifit is unchanged from the 
time it entered the well, the stored water may not be 
representative of formation water at the time of sampling, or 
both. Because the representativeness of stored water is 
questionable, it should be excluded from samples collected 
from a monitoring we& 

4.2 The surest way of accomplishing this objective is to 
remove all stored water from the casing prior to sampling. 
Research with a tracer in a tU scale model 2 in. PVC well (5) 
indicates that pumping 5 to lO.times the volume of the well 
via an inlet near the free water surface is sufficient to remove 
all the stored water in the casing The volume of the well may 

be cakuiated to include the well screen and any gxavel pack 
if natural flow through these is deemed insufficient to keep 
them flushed out 

4.3 In deep or huge diameter wells having a volume of 
water so huge as to make removal of all the water impmc- 
tical, it may be feasible to lower a pump or pump inlet to 
some point well below the water surface, purge only the 
volume below that point then withdraw the sample from a 
deeper level. Research indicates this approach should avoid 
most contamination associated with stored water (5, 6, 7). 
sealing the casing above the purge point with a packer may 
make this approach more dependable by preventing migra- 
tion of stored water from above. But the packer must be 
above the top of the screened zone, or stagnant water from 
above the packer will Sow into the purged zone through the 
well’s grave&and pack. 

4.4 In low yielding we& the only practical way to remove 
all staudiug water may be to empty the casing. Since it is not 
always possible to remove all water, it may be advisable to let 
the well recover (refill) and empty it again at least once. If 
introduction of oxygen into the aquifer may be of concea it 
would be best not to uncover the screen when performing the 
above procedures. The main disadvantage of methods de- 
signed to remove alI the stored water is that large volumes - ..--=-- 
may need to be pumped in certain instances. The main 
advantage is that the potential for contamination of samples 
with stored water is mi&mixed. 

2 - 



4.5 Another approach to well flushing is to monitor one 
,f-- or more indicator parameters such as pH, temperature, or 

conductivity and consider the well to be flushed when the 
indicator(s) no longer change. The advantage of this m&xl 
is that pumping can be done from any location within the 
casing and the volume of stored water present has no direct 
beating on the volume of ‘water that must be pumm 
Obviously, in a low yielding well, the well may be emptied 
before the parameters stab&c. A disadvantage of this 
approach is that there is no assurance in all situations that 
the stabilized parameters mprescnt formation water. Ifaignif- 
icant drawdown has ooxrmd, water from some distance 
away may be pulled into the screen causing a steady 
parameter mading but not a representative reading Also, a 
suitable indicator parameter and means of continuously 
measuring it in the field must be available. 

4.6 Giib (4.8) has described a timedrawdown approach 
usin& a knowledge of the well hydraulics to predict the 
percentage of stored water entering a pump inlet near the top 
0fthesaecnatanytimeattcrflushingbcgitlSsamplcsarc 
taken when the percentage is acceptably low. As before, the 
advantage is that well volume has no direct effect in the 
duration of pumping. A current knowledge of the well’s 
hydraulic character&tics is necessary to employ this ap 
pmach. Dormward migration of stored water due to effects 
other than drawdown (for example density diffmncts) is not 
accountad for in thii approach. 

4.7 In any flushing approach a withdrawal rate that 

:-. 
minim&s drawdown while satisfying time constraints 
should be used. Excessive drawdown distorts the natural flow 
patterns around a well and can cause contaminant$ that were 
not present originally to be drawn into the well. 

5. Mated& and Mannfaettue 

5.1 The choice of materials used in the construction of 
sampling devices should be based upon a knowledge of what 
compounds may be present in the sampling .environment 
and how the sample materials may interact via leaching, 
adsotption, or catalysis. In some situatiotq PVC or some 
other plastic may bc sufiicient. in othcq an all glass 
apparatus may be naxssary. 

5.2 Most analytical protocols suggest that the devices used 
in sampling and storing samples for trace organics analysis 
@g/L levels) must be constructed of glass or 
WE-fluorccarbon rcsiq or both One suggestion advanced 
by the EPA is that the monitoring well be constructed so that 
only WE-fluorocarbon tubii be used in that portion of the 
sampling well that extends from a few feet above the water 
table to the bottom of the borehole. (3,s) Although this type 
of well casing is now commercially availably PVC well 
casings are currently the most popular. If adhesives arc 
avoided, PVC well casings arc acceptable in many cases 
althoughthcirusenlaystiuleadtosOmeproMtmsifaaCe 
organics arc of concern. At present, the type of background 
presented by PVC and i.ntcractions occur&g between PVC 
and groundwater are not well understood. Tin, in the form of 
an organoth stabilk added to PVC, may enter samples 
taken from PVC casing (9) 

5.3 Since the most significant problem encountered in 
traa organics sampling results from (the use of PVC 
adhesives in monitoring well construction, threaded joints 
might avoid the problem ($5). Milligram per litrc (parts per 
million) levels of compounds such as tctxahydro~, 
methylcthyl-ketone, and toluene are found to leach into 
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groundwater samples from monitoring well casings sealed 
with PVC solvent cement. Pollutant phthalatc esters (8, 10) 
are often found in water samples at p$b levels; the EPA has 
found them on occasion at ppm levels in their samples. The 
ubiquitous pnsenct of these phthalate esters is ukplained, 
except to say that they may be leached from plastic pipes, 
sampling devices, and containers. 

5.4 TFE-fluorocarbon resins are highly inert tid have 
sufficient mechanical strength to .permit fabrication of sam- 
pling devices and well casings. Molded parts are exposed to 
high temperature during fabrication which destroys any 
organik contaminants. The evolution of fluorinated com- 
pounds can occur during fabrication, will cease rapidly, and 
does not occur afknvards unless the resin is heated to its 
melting point. 

5.5 Extruded tubing of TFE-fluorocarbon for saipling 
may contain surface tracts of an organic solvent extrusion 
aid. This can bcnmoved easily by the fabricator and, once 

removed by flushing, should not afkct the sample. TFE- 
fluorocarbon PEP and TFE-fluorocarbon PFA resins do not 
require this extrusion aid and may be suitable for sample 
tubing as welL Unsintered thread-sealant tas of TFE- 
fluorocarbon is available in an “oxygen sexvice” grade and 
contains no extrusion aid and lubricant. 

5.6 Louneman, et al. (1 I) alludes to problems caused by a 
lubricating oil used during TFEfluorocarbon tubing extru- 
sion. This nference also presents evidence that a fluorinated 
ethylene-propylene copolymer adsorbed acetone to a degree 
that later caused contamination of a gas sample. 

5.7 Glass and stainless steel are two other materials 
generally considenzd inert in aqueous environments. Glass is 
probably among the best choices though it is not inconaiv- 
able it could adsorb some constituents as well as release other--,. 
contaminants (for example, Na, silicate, and Fe). of course 
glass sampling equipment must be handled carefully in the 
field. Stainless steel is strongly and easily machined to 
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fabricate equipment. Unfortunately, it is not totally immune 
to corrosion that could release metallic contaminants. Stain- 
less steel contains various alloying me* some of these (for 
example Ni) are commonly used as catalysts for various 
reactions. The alloy& constituents of some stainless steels 
can be solubii by the pitting action of nonoxidiziag 
anions such as chloride, fluoride, and in some instances 
sulfate, over a range of pH conditioris. Aluminum, titanium, 
polyethylene, and other corrosion msistant materials have 
been proposed by some as acceptable materials, depending 
on groundwater quality and the constituents of interest 

5.8 Where temporarily installed sampling equipment is 
used, the sampling device that is chosen should be non- 
plastic (unless TFWluorocarbon), cleanable of trace or- 
gan&, and must be cleaned between each monitoring well 
use in order to avoid cross-wntamination of wells and 
samples. The only way to ensure that. the device is indeed 
‘%lean” and acceptable is to analyze laboratory water blanks 
and field water blanks that have been soaked in and passed 
through the sampling device to check for the background 
levels that may result from the sampling materiats or from 
field conditions. Thus, all samplings for trace materials 
should be accompanied by samples which represent the field 
background (if possible), the sampling equipment back- 
ground, and the laboratory background 

5.9 Additional samples arc ofkn taken in the field and 
spiked (spiked-&Id samples) in order to verify that the 
sample handling procedures are valid. The American Chem- 

ical Society’s committee on environmedtal improvement h 
published guidelines for data acquisition and data evaluatic 
which should be useful in such environmental evaluatio 
(IO, 12). 

6. Sampling Equipment 
6.1 There is a fairy large choice of equipment present 

available for groundwater sampling from single screen{ 
wells and well clusters. The sampling devices can be categ 
rized into the following eight basic types. 

6.1. i Down-Hofe Coktion Devices.: 
6.1.1.1 Bailers, messenger bailers, or thief samplers (1 

14) am examples of down-hole devices that probably provh 
valid samples once the well has been flushed. They are nl 
practical for removal of large volumes of water. The: 
devices can be comaed in various shapes and siz# from 
variety of materials They do not subject the sample 1 
prrJsun extremes. 

6.1 .I.2 Bailers do expose part of the sample to tI 
atmosphere during withdrawal. B&E used for sampling c 
volatile organic compounds should have a sample cock c 
draft v&e in or near the bottom of the sampler ailowic 
withdrawal of a sample from the well below the expose 
surface of the water or the first few inches of the sampI 
should be discarded. Suspension lines for bailers and 0th~ 
samplers should be kept off the grouud and free of 0th~ 
contaminating materials that could be carried into the we! 
Down-hole devices are not very practical for use in dee 
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wells. However, potential sample oxidation during transfer of 
the sample into a collection vessel and time constraints for 
lowering and retrieval for deep sampling are the primary 
disadvantages 

-. .n 

6.1.1.3 Three down-hole devices are the single and double 
check valve bailers and thief samplers. A schematic of a 
single check valve unit is illustrated in Fig. 1. The bailer may 
be threaded in the middle so that additional lengths of blank 
casing may be added to increase the sampling volume. 
TFE-fluorocarbon or PVC are the most common materials 
used for construction (15). 

6.1.1.4 In operation, the single check valve bailer is 
lowered into the we& water enten the chamber through the 
bottom, and the weight of the water column closes the check 

?doTE--Tllkm lrun Ret (q. 

FIG 4 TheF’rlndpslofGssDb~Pumpln~ 

valve upon bailer retrieval. The specific gravity of the ball 
should be about 1.4 to 2.0 so that the baII almost sits on the 
check valve seat during chamber filling. Upon bailer with- 
draw& the ball will immediately seat without any samples 
loss through the check valve. A similar technique involves 
lowering a sealed sample container within a weighted bottle 
into the welL The stopper is then pulled ftom the bottle via a 
line and the entire assembly is retrieved upon filling of the 
container (14,16). 

6.1.1.5 A double check valve bailer allows point source 
sampling at a specific depth (l&17). An example is shown in 
F& 2. In this double check valve design, water flows through 
the sample chamber as the unit is lowered A venturi tapered 
inlet and outlet ensures that water passes ti-eely through the 

NOTE- .Takm from FM 

FIG. 5 Pneumatk Water Sampler With lntetmal Tmnsducef 

.- 
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,F=-- uuit. When a depth where the sample is to be collected is 
nached, the unit is retrieved. Because the difference between 

* each ball and check valve seat is maintained by a pin that 
blocks vertical movement of the check ball, both check 
valves close simuhaneously upon retrieval. A drainage pin is 
placed into the bottom of the bailer to drain the sample 
directly into a collection veqel to reduce the possibility of air 
oxidation. The acrylic model in F% 2 is threaded at the 
midsection allowing the addition of threaded casing to 

’ incrcasc the sampling volume. 
6.1.1.6 Another approach for obtaining point source sam- 

ples employs a weighted messenger or pneumatic change to 
“trip” plugs at either end of an open tube (for example, tube 
water sampler or thief sampler) to close the chamber (18). 
Foerst, Kemmmr, and Bacon samplers are of this varim 
(14, 17.19). A simple and inexpensive pneumatic sampler 
was rueutly desaibed by Gii (20). The device (Fig. 3) 
con&ts of a disposaMe SO mL plastic syringe modified by 

. aawing off the dunger and the finger grips. The syringe is 
then attached to a gas-line by means of a rubber stopper 
assembly. The gas-line extends to the surf- and is used to 
drive the stem-less plunger, and to raise and lower the syringe 
into the hole. When the gas-line is pnssurized, the rubber 
plunger is held at the tip of the syringe. The sampler is then 

. . lowered into the installation, and when the desired depth is 
reach& the pressure in the gas-line is reduced to atmo- 
spheric (or slightly less) and water enters the syringe. The 
sampler is then retrieved from the insmllation and the 
syringe detached from the gas-line. After the tip is sealed, the 
syringe is used as a sho~erm storage container. A number 

of thief or messenger devices are available in various 
materials and shapes. 

6.1.2 St&on Li! Pumps: 
6.1.2.1 Three types of suction lift pumps are the direct 

line, centrifugal, and per&al&. A major disadvantage of any 
suction pump is that it is limit& in its ability to raise water 
by the head avaiiable f?om atmospheric pressme. Thus, iftbe 
surface of the water is more than about 25 A below the 
pump, water may not be withdrawn. The theoretical suction 
limit is about 34 A, but most suction pumps are capable of 
maintaining a water lift of only 25 ft or less. 

6.1.2.2 h4any suction pumps draw the water through 
some sort of voiute in which impelI= pistons, or other 
devices operate to induce a vacuum. Such pumps are 
probably unacceptable for most sampliug purposes &cause 
they are usually constructed of common materials such as 
brass or mild steel and may expose samples to lubricants 
They ofien induce very low pmssures around rotating vanes 
or other such parts such that degassin or even cavitation 
mayoccur.ThtycanmixairwiththesampleviasmalIleaks 
in the casing, and they are diEcult to adequately clean 
betwetn uses. Such pumps are acceptable for purging of 
wells, but should not generally be used for sampling. 

6.1.2.3 One exception to the above statements is a peri- 
staltic pump. A -tic pump is a self-priming low 
volume suction pump which consists of a rotor with *ball 
bearing rollers (21). Flexible tubiig is inserted around the 
pump rotor and squeezed by heads as they revolve in a 
circular pattern around the rotor. One end of the tubing is 
piaced into the well while the other end can be connected 
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directly to a receiving vessel. As the rotor mov& a reduced 
pressure is created in the well tubing and an increased 
prmure (~40 psi) on the tube leaving the rotor head. A drive 
shaft connected to the rotor head can be extended so that 
multiple rotor heads can be attached to a single drive shak 

6.1.2.4 The peristaltic pump moves the liquid totally 
within the sample tube. No part of the pump contacts the 
liquid The sample may still be degas& (cavitation is 
unlikely) but the prqblems due to contact with the pump 
mechanism are eliminated Peristaltic pumps do require a 
fairly flexible section of tubing within the pumphead itself. A 
section of silicone tubing is commonly used within the 
peristaltic pumphead, but other types of tubing can be used 
particularly for the sections extending into the well or from 
the pump to the receiving container. The National Council 
of the Paper Industry for Air and Stream Improvement (22) 
recommends using medical grade silicone tubing for organic 
sampling purposes as the standard grade uses an organic 
vulcanizing agent which has been shown to leach into 
samples. Medical grade s&one tube is, however, limited to 
use over a restricted range of ambient temperatures Various 
manufacturers offer tubing lined with TPE-fluorocarbon or 
Viton’ for use with their pumps. Gibb (1, 8) found little 
difference between samples withdrawn by a peristaltic pump 
and those taken by a bailer. 

6.1.2.5 A direct method of collecting a sample by suction 
consists of lowering one end of a length of plastic tubing into 
the well or piezometer, The opposite end of the tubing is 
connected to a two way stopper bottle and a hand held or 

J Viton is a tndcmuk of E. I. du Pont de Netnoun & Co., Wlminglon. DE 
19898 and ha ten found suitable for this purpose. 

mechanical vacuum pump is attached to a second tubing 
leaving the bottle. A check valve is attached between the two T 
lines to maintain a constant vacuum control. A sample can 
then be drawn directly into the collection vessel without 
contacting the pump mechanism (5,X$24). 

6.1.2.6 A centrif@al pump can be attached to a length of 
plastic tubing that is lowered into the welL A foot valve is 
usually attached to the end of the well tubing to assist in 
primingthetube.ThemaximumliAisabout4.6m(15ft) 
for such an arrangement (23,25,26). 

6.1.2.7 Suction pump approaches offer a simple sample 
retrieval method for shallow monitoring The direct line 
method is extremely portable though considerable oxidation 
and mixing may occur during collection. A centrifugal pump 
will agitate the sample to an even greater degree although 
pumping rates of 19 to 15 1 Lpm (5 to 40 gpm) can be 
attained A peristaltic pump provides a lower sampling rate 
with less agitation than the other two pumps. The with- 
drawal rate of peristaltic pumps oan be careMy regulated by 
adjustment of the rotor head rcvphrtion. 

6.1.2.8 AllthreesystemscanbespeciaUydesignedsothat 
the water sample contacts only the TPE flourocarbon or 
silicone tubing prior to sample bottle entry. Separate tubing 
is recommended for each well or piezometer sampled. 

6.1.3 Elecrric Submersible Pumps 
6.1.3.1 A submersible pump consists of a sealed electric 

motor that powers a piston or helical single thread wotm at a 
high rpm. Water is brought to the surf&e through an access 
tube. Such pumps have been used in the water well industry I- 
for years and many designs exist (5,26). 

6.1.3.2 Submersible pumps provide relati?eIy high dis- 
charge rates for water withdrawal at depths beyond suction 
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lift capabilities. A battery operated unit 3.6 cm (1.4 in.) in 
diameter and with a 4.5 Lpm (1.2 gpm) flow rate at 33.5 m 
(110 ft) has been developed (27). Another submersible pump 
hwan outer diameter of 11.4 cm (4.5 in.) and can. pump 
water from 91 m (300 ft). Pumping rates vary up to 53.0 
Lpm (14 gpm) depending upon the depth of the pump (28). 

6.1.3.3 A submersible pump provides higher extraction 
rates than many other methods. Considerable sample agita- 
tion results, however, in the well and in the collection tube 
during transport. The possibility of introducing trace metals 
into the sample from pump materials also exists. Steam 

,n. cleaning of the unit.followed by rinsing with unchlorinated, 
deionized water is suggested between sampling when analysis 
for organics in the parts per million (ppm) or parts per billion 
(ppb) range is required (29). 

6.1.4 Gas-Lifr Pumps: 
6.1.4.1 Gas-lift pumps use compressed air to bring a water 

sample to the surface. Water is forced up an cductor pipe 
that may k the outer casing or a smaller diameter pipe 
inser&ed into the well annulus below the water level (30.31). 

6. I .4.2 A similar principle is used for a unit that consists 
of a small diameter plastic tube perforated in the lower end. 
This tube is .placed within another tube of slightly larger 
diameter. Compressed air is injected into the inner tube; the 
air bubbles through the perforations, thereby lifting the water 
sample via the annulus between the outer and inner tubing 
(32). In practice, the eductor line should k submerged to a 
depth equal to 60 % of the total submerged eductor length 
during.pumping (26). A 60 R ratio is considered optimal 
although a 30 % submergence ratio is adequate. 

9 
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6.i.4.3 The source of compressed gas may be a hand 
pump for depths generally less than 7.6 m (25 ft). For greater 
depths, air compresson, pressurized air bottles, and air 
compressed from an automobile engine have been used. 

6.1.4.4 Aa a&ady mentioucd, gas-lift methods result in 
considerabk sample agitation and mixing witbin the well, 
and cannot be us+ for samples wbicb wiU be tested for 
volatile organics. The aiuctor pipe or weigbtcd plastic tubing 
is a potential source of sample contamination. In addition, 
Gibb (8) unco~ercd difIiculties in sampling for inorganics. 
These difIicultic~ were attributed to changes in ruiox, pH, 

_ 10 

and species transformation due to solubility constant 
G rcsultiog firorn stripping, oxidation, and pressure 

6.1.5 Gas Dk&cemen~ Pumps: 
6.1.5.1 Gas dispIaccmcnt or gas drive pumps an distin- 

guiakl firorn gas-lift pumps by tbe method of sample 
transport. Gas displacement pumps force a discMe column 
of water to the surface via m&banicaI fift witbout extensive 
mixing of the~pressuxizcd gas and water as oazurs with air-W--~ 
equipment. The principle is shown schematically in Fs 
water fills the &an&r. A positive pressure is appticd to tbc 
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gas line closing the sampler check valve and forcing water up 
the sample line. By removing the pressure the cycle can be 
repeated. Vacuum can also be used in conjunciion with the 
gas (30). The device can be permanently installed in the well 
.(33, 34, 35)or Iotiredintothe well (36;37). 

6.1.5.2 A more complicated two st&ge design constructed 
of glass with check valves made of TFE-fluorocarbon has 
been constructed (38,39). The unit was designed specifically 
for sample testing for trace level organics. Continuous flow 
rates up to 2.3 Lpm (0.6 gpm) are possible with a 5.1 cm (2 
in.) diameter unit. 

6.1.5.3 Gas diilacement pumps have also been devel- 
oped with multiple functions. The water sample in Fs 5 
provides piezometric data measuremen,ts with an internally 
mounted transducer (40). A sample with its transducer 
exposed externally for piezometric measurements is illus- 
tratkd i’n Pig. 6 (41). The sensor can activate the g sburce af .’ 
the surfact to cause sample chamber pressurization at the 
predetermined depth. Another design can be used as a water 
sampler or as a tool for injecting brine or other tracexs into a 
well (42). 

6.1.5.4 Gas displacement pumps offer rea&able poten- 
tial for preserving sample integrity because little of the 
driving gas comes in contact with the sample as the sample is 
conveyed to the surface by a positive ‘pressure. There is, 
however, a potential loss of dissolved gasses or contamina- 
tion from the driving gas and the housing materials. 

ing 

6.1.6 Bladder Pumps: 
6.1.6.1 Bladder pumps, also refd to as gassperated 

squeeze pumps, consist of a flexible membrane enclosed by a 
rigid housing. Water enters the membraue through a check 
valve in the vessel bottom; compmssed gas injected into tbc 
cavity between the housing and bladder forces the sample 
through a check valve at the top of the membrane and into a 
discharge line (Fig. 7). Water is prevented from rrcntering 
the bladder by the top check valve. The process is repeated to 
cycle the water to the surf&e. Samples taken from depths of 
30.5 m (100 ft) have been reported. 

6.1.6.2 A variety of design modifications and materials 
are available (43, 44). Bladder materials indude neoprene, 
rubber, ethylene propylene terpolymer (E.P.T.), nitrile, and 
the fluorocarbon Viton? A biadder made of TF’E-fluoro- 
carbon is also under development (45). Automated sampling 
systems have been developed to control the time between 
pnssuritation cycles (46). 

6.1.6.3 Bladder pumps provide an adaptable sampling 
tool due primarily to the number of bladder shapes that axz 
feasible. These devices have a distinct advantage over gas 
displacement pumps in that there is 00 contact with the 
driving gas Disadvantages include the large gas volumes 
required, low pumping rates, and potential contamination 
from many of the bladder materials, the rigid housing, Or 
both. 

6. I .7 Gas Driven Piston Pumps: 
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61.7. I A simple and inexpensive example of a gas driven 
piston pump is a syringe pump (47). The pump (Fig. 8) is 
constructed from a SO mL plastic syringe with plunger stem 
removed. The device is connected to a gas tine to the surface 
and the sample passes through a check valve arrangement to 
a sampling container at the surface. By successively applying 
positive and negative pressure to the gas-line, the plunger is 
activated driving water to the surface. 

6.1.7.2 A double piston pump powered by compressed air 
is illustrated in Fig. 9. Pressuriz.ed gas enters the chamber 
between the pistons; the alternating chamber pressurization 
activates the piston which allows water entry during the 
suction stroke of the piston and forces the sample to the 
surfaa during the pressurn stroke (48). Pumping rates 
‘between 9.5 and 30.3 L/hr (2.5 to 8 gal/hr) have been 
reported from 30.5 m (100 ft . Depths in excess of 457 m 
(1500 !I) are possible. 4 

6.1.7.3 The gas piston pump provides continuous sample 
withchwal at depths greater than is possible with most other 
approaches. Nevertheless, contribution of traa elements 
from the stainless steel and brass is a potential problem and 
the quantity of gas used is significant. 

6.1.8 Packer Pump AnMgemetll: 
6.1.8.1 A packer pump atrangement provides a means by 

which two expandable Upadcets” isolate a sampling unit 
between two packers within a welI. Sina the hydraulic or 
pneumatic activated packers are wedged against the casing 
wall or screen, the sampling unit wiIl obtain water samples 
only from the isolated well portion. The packers arq deflated 
for vertical movement within the well and inflated when the 
desired depth is attained. Submersible, gas lift, and suction 
pumps can be used for sampling. The packets are usually 
constructed from some type of rubber or rubber compound 
(48,49,50,51). A packer pump unit consisting of a vacuum 
sampler positioned between two packets is illustrated in Frg. 
lO(52). 

6.1.8.2 A packer assembIy aIlows the isolation of disazte 
sampling points within a welI. A number of difI&nt 
samplers can be situated between the packtrs depending, 
upon the analytical~specifns for saniple testing Vertical 
movement of water outside the well casing during sampling 

-is possible with packer pumps but depends upon the 
pumping rate and subsequent ma. Deterioration of 
the expandable materials will occur with time with the 
increased possibility of undesirable organic contaminants 
contributing to the water sample. 

7. Sample Containers and Reserprtioa 
7.1 Complete and unequivocal preservation of samples, 

whether domestic wastewater, industrial wastes, or natural 
waters, is ptacticzilly impossible. At best, pmserva tion tech- 
niques only retard the chemical and biological changes that 
inevitably continue after the sample is removed from the 
source. Therefore, insuring the timely analysis of-a sample 
should be one of the forrmost considerations in the sampling 
plan schedule. Methods of potion are somewhat lim- 
ited and are intended to retard biological action,. retard 
hydrolysis of chemical compounds and complexes, and 
reduce the volatility of constituents. preservation methods 
are generally limited to pH control, chemical addition, 
refrigeration and freezing. For water samples, immediate 

I2 

reffi&xatiOn just above freezing (4% in wet ice) is often the 
best preservation technique available, but it is not the only 
measure nor is it applicable in all cases. There may be special Y-- 
cases where it might be prudent to include a recording 
thermometer in the sample shipment to verify the maximum 
and minimum temperature to which the samples were 
exposed. Inexpensive devices for this purpose are availabie. 

7.2 All bottles and containers must be specially pre- 
cleaned, pre-labelled, and organized in icechests (isolating 
samples and sampling equipment from the environment) 
before one goes into the field. Otherwise, in any comprehen- 
sive program utter chaos usually develops in the field or 
laboratory. The time in the field is very valuable and should 
be spent on taking field notes, measurements, and in 
documenting samples, not on labelling and organizing sam- 
ples. Therefore, the sampling plan should include clear 
insuuaions to the sampling personnel concerning the infor- 
mation required in the field data record logbook (notebook), 
the information needed on container labels for identifica- 
tion, the chainofcustody protocols, and the methods for 
preparing field blanks and spiked samples. Example of 
detailed plans and documentation procedures have been 
published (14,53). 

7.3 The exact requimments for the volumes of sample 
needed and the number of containers to use may vary from 
laboratory to laboratory. This will depend on the specXc 
analyses to be petformad, the concentration levels of intenst, 
and the individual laboratory protocols. The manager of the 
sampling program should make no assumptions about the 
laboratory analps. He should discuss the analytical require- ._ 
merits of the sampling program in detail with the Iaboratoty 
coordinator beforehand. This is espe&lly the case since 
some analyses and pnserva tion measures must be performed 
at the laboratory as soon as possiile after the samples arrive. 
Thus, appropriate arrangements must be made. 

7.4 Them are a number of excellent refances available 
which list the containers and preservation techniques appro- 
priate for water and soils (13, 14, SO, 54, 55, 56). The 
“Handbook for Sampling and Sample Preservation of Water 
and Was&water” is an excellent reference and perhaps the 
most comprehensive one (14). Some of this information is 
Summarized in Table 1. 

7.5 Sample containers for trace organic samples require 
special cleaning and handling considerations (57). The 
sample container for purgeable organics consist of a screw- 
cap vial (25 to 125 mL) fitted with a TPE-flouroc&on faced 
silicone septum. The vial is sealed in the laboratory immedi- 
ately a&r cleaning and is only opened in the field just ptior 
to pouring sample into it The water sample then must be 
sealed into’ the vial headspacc fibe (no air bubbles) and 
immediately cooled (4.c) for shipment. Multiple samples 
(usually about four taken from one large sample container) 
am taken because leakage of containers may cause l0sses, 
may allow air to enter the containers, and my cause 
erroneous analysis of some constituents. Also, some analyses 
are best conducted on independent protected samples. 

7.6 The purgeable samples must be analyzed by the 
iab0~tot-y within 14 days alter collection, unless they are to--- 
be analyzed for acrolein or actylonitrile (in which case the) 
are to be analyzed within 3 days). For samples for solvent 
extractions (extractable organ&base neutrals, acids and 
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pesticides), the sample bottles are namow mouth, ‘screw cap 
quart bottles or half-gallon bottles that have been precleaned, 
rinsed with the extracting organic solvent and oven dried at 
105’C for at least I h. These bottles must be sealed with 
TFE-fluorocarbon Iined caps (Note). Samples for organic 
extraction must be extracted within 7 days and analyzed 
within 30 days after extraction, Special pre&aned, solvent 
rinsed and oven-dried stainless steel beakers (one for each 
monitoring well) may be used for transferring samples from 
the sampling device to the sample containers. 

Nm-When collecting samples, the bottles should not bc otillcd 
or prcrinsuj with sample before filling bccausc oil and other materials 
may remain in the boctk. This can cause cmxwusly hi8h results 

- 7.7 For a number of groundwater parameters, the most 
meaningful measurements are those made in the field at the 
time of sample collection 0-t least at an on-site laboratory. 
These indude the water level in the will apd parameters that 
sometimes can change rapidly with storage. A discussion of 
the various techniques for measuring the water level in the 
well is contained in a NCASI publication (5) and detailed 
procedures are outlined in a U.S. Geological Survey publica- 
tion (58). Although a discussion of these techniques is 
beyond the scope of this guide, it is important t6 point out 
that accurate measurements must be made before a well is 
flushed or only after it has had sufficient time to recover. 
Parametas that can change rapidly with storage include 
specific conductance, pH, turbidity, &ox potential, dis- 
solved oxygen, and temperature. For some of the other 

. . 

parameters, the emphasis in groundwater monitoring is on 
the concentration of each specific dissolved component, not 
the total concentration of each. Samples for these types of 
measurements should be filtered through 0.45 pm mem- 
bane filters idealiy in the field or possibly at an on-site 
laboratory as soon as possible. Analyses often requiring 
filtered samples include all metals, radioactivity parameters, 
total organic carbon, dissolved orthophosphate (if needed). 
and total dissolved phosphorous (if needed) (13, 14). If 
metals are to be analyzed, filter the sample prior to acid 
preservation. For TOC organics, the filtelr material should be 
tested to assure that it does not contribute to the TOC. The 
type or size of the filter to be used is not well understood. 
However, if results of metal, TOC or other parameters that 
could be efT’ed by solids are to be compared, the same 
filtering procedure must be used in each case. Repeated 
analytical results &ould state whether the samplk were 
filtered and how they were filtered. 

7.8 Shipment and receipt of Sam&s must be coordinated 
with the laboratory to minimize time in transit. All samples 
for organic analysis (and many other parameters), should 
arrive at the laboratory within one day after it is shipped and 
be maintained at about 4% with wet ice. The best way to get 
them to the laboratory in good condition is to send them in 
sturdy insulated ice chests (coolers) equipped with bottle 
dividers. 24-h courier service is recommended, if personal 
delivery service is not practical. 
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SURPACE WATER AND SEDIMENT SAMPLE ACQUISITION 

1.0 PURPOSE 

This procedure describes methods and equipment commonly used for collecting environmental 

samples of surface water and aquatic sediment either for on-site examination and chemical 

testing or for laboratory analysis. 

2.0 SCOPE 

The information presented in this SOP is generally applicable to all environmental sampling 

of surface waters (Section 5.2) and aquatic sediments (Section 5.31, except where the analyte(s) 

may interact with the sampling equipment. 

Specific sampling problems may require the adaptation of existing equipment or design of new 

equipment. Such innovations shall be documented and presented in the Sampling and 

Analysis Plan. 

3.0 DEFINITIONS 

Grab Sample -An individual sample collected from a single location at a specific time or period 

of time generally not exceeding 15 minutes. 

Composite Sample - A sample collected over time that typically consists of a series of discrete 

samples which are combined or composited. 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans 

are in accordance with these procedures, where applicable, or that other, approved procedurea 

are developed. The Project Manager is responsible for development of documentation for 

procedures which deviate from those presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the 

specific surface water and/or sediment sampling techniques and equipment to be used, and 

- 
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!- 
documenting these in the Sampling and Analysis Plan. It is the responsibility of ,the Field 

Team Leader to ensure that these procedures are implemented in the field and that personnel 

performing sampling activities have been briefed and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these 

procedures, or to follow documented, project-specific procedures as directed by the Field Team 

Leader and/or the Project Manager. The sampling personnel are responsible for the proper 

acquisition of surface water and sediment samples. 

5.0 PROCEDURES 

Collecting a representative sample from surface water or sediments is difficult due to water 

movement, stratification or patchiness. To collect representative samples, one must 

standardize sampling bias related to site selection; sampling fkequency; sample collection; 

sampling devices; and sample handling, preservation, and identification. 

Representativeness is a qualitative description of the degree to which an individual sample 

accurately reflects population characteristics or parameter variations at a sampling point. It 

is therefore an important quality not only of assessment and quantification of environmental 

threats posed by the site, but also for providing information for engineering design and 

construction. Roper sample location, selection, and collection methods are important to 

ensure that a truly representative sample has been collected. Regardless of scrutiny and 

quality control applied during laboratory analyses, reported data are only as good as the 

confidence that can be placed on the representativeness of the samples. 

6.1 Defining the Samdinpl Program 

I- 

Many factors must be considered in developing a sampling program for surface ‘water or 

sediments including study objectives; accessibility; site topography; flow, mixing and other 

physical characteristics of the water body; point and diffuse sources of contamination; and 

personnel and equipment available to conduct the study. For waterborne constituents, 

dispersion depends on the vertical and lateral mixing within the body of water. For sediments, 

dispersion depends on bottom current or flow characteristics, sediment characteristics 

(density, size) and geochemical properties (which effect adsorption/desorption). The sampling 
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plan must therefore reflect not only the mixing characteristics of streams and lakes, but also 

the role of fluvial-sediment transport, deposition, and chemical sorption. 

6.1.1 Sampling Program Objectives 

The objective of surface water sampling is to determine the surface water quality entering, 

leaving or remaining within the site. The scope of the sampling program must consider the 

sources and potential pathways for transport of contamination to or within a surface water 

body. Sources may include point sources (leaky tanks, outfalls, etc.) or nonpoint sources (e.g., 

spills). The major pathways for surface water contamination (not including airborne 

deposition are: (a) overland runoff; (b) leachate influx to the waterbody; (c) direct waste 

disposal (solid or liquid) into the water body; and (d) groundwater flow influx to the water 

body. The relative importance of these pathways, and therefore the design of the sampling 

program, is controlled by the physiographic and hydrologic features of the site, the drainage 

basin(s) which encompass the site, and the history of site activities. 

Physiographic and hydrologic features to be considered include slopes and runoff direction, 

areas of temporary flooding or pooling, tidal effects, artificial surface runoff controls such as 

berms or drainage ditches (when constructed relative to site operation), and locations of 

springs, seeps, marshes, etc. In addition, the obvious considerations such as the location of 

man-made discharge points to the nearest stream (intermittent or flowing), pond, lake, 

estuary, etc., shall be considered. 

A more subtle consideration in designing the sampling program is the potential for dispersion 

of dissolved or sediment-associated contaminants away from the source. The dispersion could 

lead to a more homogeneous distribution of contamination at low or possibly nondetectable 

concentrations. Such dispersion does not, however, always readily occur throughout the entire 

body of water; the mixing may be limited to specific flow streams within the water body. For 

example, obtaining a representative sample of contamination horn the center of a channel 

immediately below an outfall or a tributary is diffkult because the inflow frequently follows a 

stream bank with little lateral mixing for some distance. Sampling alternatives to overcome 

this situation are: (1) move the site far enough downstream to allow for adequate mixing, or 

(2) collect integrated samples in a cross section. Also, nonhomogeneous distribution is a 

particular problem with regard to sediment-associated contaminants which may accumulate 
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in low-energy environments while higher-energy areas (main stream channels) near the 

source may show no contaminant accumulation. 

The distribution of particulates within a sample itself is an important consideration. Many 

organic compounds are only slightly water soluble and tend to adsorb on particulate matter. 

Nitrogen, phosphorus, and the heavy metals also may be transported by particulatea. Samples 

will be collected with a representative amount of suspended material; transfer from the 

sampling device shall include transferring a proportionate amount of the suspended material. 

The first step in selecting sampling locations, therefore, is to review site history, define 

hydrologic boundaries and features of the site, and identify the sources, pathways and 

potential distribution of contamination based on these considerations. The numbers, types 

and general locations of required samples upgradient, on site and downgradient can then be 

identified. 

5.1.2 Location of Sampling Stations 

,- 
Accessibility is the primary factor affecting sampling costs. The desirability and utility of a 

sample for analysis and description of site conditions must be balanced against the costs of 

collection as controlled by accessibility. Wading or sampling from a stream bank often is 

sufficient for springs, seeps, and small streams. Bridges or piers are the first choice for 

locating a sampling station on a larger stream or small river; they provide ready access and 

also permit the sampling technician to sample any point across the stream or river. A boat or 

pontoon (with an associated increase in cost) may be needed to sample locations on lakes and 

reservoirs, as well as those on larger rivers. Frequently, however, a boat will take longer to 

cross a water body and will hinder manipulation of the sampling equipment. 

Ifit is necessary to wade into the water body to obtain a sample, the sampler shall be careful to 

minimize disturbance of bottom sediments and must enter the water body downstream of the 

sampling location. If necessary, the sampling technician shall wait for the sediments to settle 

before taking a sample. Use of boats or wading to collect samples requires the use of U. S. 

Coast Guard approved personal flotation devices (PFDs). 

.- 
Sampling in marshes or tidal areas may require the use of an all-terrain-vehicle (ATV). The 

same precautions mentioned above with regard to sediment disturbance will apply. 
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The availability of stream flow and sediment discharge records can be an important 

consideration in choosing sampling sites in streams. Stream flow data in association with 

contaminant concentration data are essential for estimating the total contaminant load 

carried by the stream. If a gaging station is not conveniently located on a selected stream, 

obtaining stream flow data by direct or indirect methods shall be explored. 

6.13 Frequency of Sampling 

The sampling frequency and the objectives of the sampling event will be defined by the 

Sampling and Analysis Plan. For single-event, site- or area-characterization sampling, both 

bottom material and overlying water samples shall be collected at the specitied sampling 

stations. If valid data are available on the distribution of the contaminant between the solid 

and aqueous phases it may be appropriate to sample only one phase, although this often is not 

recommended. If samples are collected primarily for monitoring purposes, consisting of 

repetitive, continuing measurements to define variations and trends at a given location, water 

samples shall be collected at established and consistent intervals, as specified in the Sampling 

and Analysis Plan (often monthly or quarterly), and during droughts and floods. Samples of 

bottom material shall be collected from fresh deposits at least yearly, and preferably during 

both spring and fall seasons. 

The variability in available water quality data shall be evaluated before deciding on the 

number and collection frequency of samples required to maintain an effective monitoring 

program. 

6.2 Surface Water Sample Collection 

This section presents methods for collection of samples from various surface water bodies, as 

well as a description of Qpes of surface water sampling equipment. The guidance in this 

section should be used to develop specific sampling procedures based on site conditions and 

investigation goals. A summary of sampling techniques and procedures is given in 

Section 52.5. 
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5.2.1 Streams, Rivers, Outfalls and Drainage Features (Ditches, Culverts) 

Methods for sampling streams, rivers, outfalls and drainage features at a single point vary 

from the simplest of hand sampling procedures to the more sophisticated multi-point sampling 

techniques known as the equal-width-increment @WI) method or the equal-discharge- 

increment (EDI) method. 

Samples from different depths or cross-sectional locations, collected during the same sampling 

episode, shall be cornposited. However, samples collected along the length of the watercourse 

or at different times may reflect differing inputs or dilutions and therefore shall not be 

cornposited. Generally, the number and type of samples to be collected depend on the river’s 

width, depth, discharge, and amount of suspended sediment. With a greater number of 

individual points sampled, it is more likely that the composite sample will truly represent the 

overall characteristics of the water. 

In small streams less than about 20 feet wide, a sampling location can generally be found 

where the water is well mixed. In such cases, a single grab sample taken at mid-depth in the 

center ofthe channel is adequate to represent the entire cross-section. 

For larger streams greater than three feet in depth, two samples at each station shall be taken 

from just below the surface, and just above the bottom. 

5.2.2 Lakes, Ponds and Reservoirs 

Lakes, ponds, and reservoirs have a much greater tendency to stratify according to physical or 

chemical differences than rivers and streams. The relative lack of mixing requires that more 

samples be obtained. 

The number of water sampling locations on a lake, pond, or impoundment will vary with the 

size and shape of the basin. In ponds and small lakes, a single vertical composite at the 

deepest point may be sufficient. Similarly, the measurement of DO, pH, temperature, etc., is 

conducted on each aliquot of the vertical composite. In naturally-formed ponds, the deepest 

point may have to be determined empirically; in impoundments, the deepest point is usually 

near the dam. 
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In lakes and larger reservoirs, several vertical grab samples shall be composited to form a 

single sample. These vertical samples often are collected along a transect or grid. In some 

cases, it may be of interest to form separate composites of epilimnetic and hypolimnetic zones. 

In a stratified lake, the epilimnion is the thermocline which is exposed to the atmosphere. The 

hypolimnion is the lower, “confined” layer which is only mixed with the epilimnion and vented 

to the atmosphere during seasonal “overturn” (when density stratification disappears). These 

two zones may thus have very different concentrations of contaminants if input is only to one 

zone, if the contaminants are volatile (and therefore vented from the epilimnion but not the 

hypolimnion), or if the epilimnion only is involved in short-term flushing (i.e., inflow from or 

outflow to shallow streams). Normally, however, a composite sample consists of several 

vertical samples collected at various depths. 

As it is likely that poor mixing may occur in lakes with irregular shape (with bays and coves 

that are protected from the wind), separate composite samples may be needed to adequately 

represent water quality. Similarly, additional samples are recommended where discharges, 

tributaries, land use characteristics, and other such factors are suspected of influencing water 

quality. 
I.. 

Many lake measurements now are made in-situ using sensors and automatic readout or 

recording devices. Single and multi-parameter instruments are available for measuring 

temperature, depth, pH, oxidation-reduction potential (ORP), specific conductance, dissolved 

oxygen, some cations and anions, and light penetration. 

5.2.3 Estuaries 

Estuarine areas are by definition among those zones where inland freshwaters (both surface 

and ground) mix with marine waters. Estuaries generally are categorized into three types 

dependent upon freshwater inflow and mixing properties. Knowledge of the estuary type is 

necessary to determine sampling locations: 

l Mixed estuary - characterized by’ the absence of a vertical halocline (gradual or no 
marked increase in salinity in the water column) and a gradual increase in salinity 
seaward. Typically this type of estuary is shallow and is found in major freshwater 
sheetflow areas. Being well mixed, the sampling locations are not critical in this type 
of estuary. 
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0 Salt wedge estuary - characterized by a sharp vertical increase in salinity and 
stratified freshwater flow along the surface. In these estuaries the vertical mixing 
forces cannot override the density differential between fresh and saline waters. In 
effect, a salt wedge tapering inland moves horizontally, back and forth, with the tidal 
phase. If contamination is being introduced into the estuary from upstream, water 
sampling from the salt wedge may miss it entirely. 

l Oceanic estuary - characterized by salinities approaching full strength oceanic waters. 
Seasonally, freshwater inflow is small with the preponderance of the fresh-saline 
water mixing occurring near, or at, the shore line. 

Sampling in estuarine areaa normally is based upon the tidal phases, with samples collected 

on successive slack tides (i.e., when the tide turns1. Estuarine sampling progra.ms shall 

include vertical salinity measurements coupled with vertical dissolved oxygen and 

temperature profiles. 

5.2.4 Surface Water Sampling Equipment 

The selection of sampling equipment depends on the site conditions and sample type required. 

The most frequently used samplers are: 

l Dip sampler 
l Weighted bottle 
l Kemmerer 
l Depth-Integrating Sampler 

The dip sampler and the weighted bottle sampler are used most often. 

The criteria for selecting a sampler include: 

l Disposable and/or easily decontaminated 
l Inexpensive (if the item is to be disposed of) 
l Ease of operation 
l Nonreactive/noncontaminating - Teflon-coating, glass, stainless steel or PVC? sample 

chambers are preferred (in that order) 

Each sample (grab or each aliquot collected for compositing) shall be measured for: specific 

conductance; temperature; pH; and dissolved oxygen (optional) as soon as it is recovered. 

These analyses will provide information on water mixing/stratification and potential 

contamination. 
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5.2.4.1 Dip Sampling 

Water often is sampled by filling a container, either attached to a pole or held directly, from 

just beneath the surface of the water (a dip or grab sample). Constituents measured in grab 

samples are only indicative of condition8 near the surface of the water and may not be a true 

representation of the total concentration that is distributed throughout the water column and 

in the cross section. Therefore, whenever possible it is recommended to augment dip samples 

with samples that represent both dissolved and suspended constituents, and both vertical and 

horizontal distributions. Dip sampling often is the moat appropriate sampling method for 

springe, 8eep8, ditches, and small 8treams. 

5.2.4.2 Weiphted Bottle Sampling 

A grab sample also can be taken using a weighted holder that allows a sample to be lowered to 

any desired depth, opened for filling, closed, and returned to the 8urface. This allows discrete 

sampling with depth. Several of theee sample8 can be combined to provide a vertical 

composite. Alternatively, an open bottle can be lowered to the bottom and raised to the 8urface 
- 

at a uniform rate 80 that the bottle collect8 sample throughout the total depth and is just filled 

on reaching the surface. The resulting sample using either method will roughly approach 

what is known a8 a depth-integrated sample. 

A closed weighted bottle sampler consists of a stopped glass or plastic bottle, a weight and/or 

holding device, and line8 to open the stopper and lower or raise the bottle. The procedure for 

sampling is a8 follows: 

l Gently lower the sampler to the desired depth 80 as not to remove the stopper 
prematurely (watch for bubbles). 

l Pull out the stopper with a sharp jerk of the sampler line. 

l Allow the bottle to till completely, a8 evidenced by the absence of air bubbles. 

l Raise the sampler and cap the bottle. 

l Decontaminate the outeide of the bottle. The bottle can be used as the sample 
container (as long a8 original bottle is an approved container). 
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5.2.4.3 Kemmerer 

If samples are desired at a specific depth, and the parameters to be measured do not require a 

Teflon coated sampler, a standard Kemmerer sampler may be used. The Kemmerer isampler is 

a brass, stainless &eel or acrylic cylinder with rubber stoppers that leave the ends open while 

being lowered in a vertical position to allow free passage of water through the cylinder. A 

“messenger” is sent down the line when the sampler is at the designated depth, to cause the 

stoppers to close the cylinder, which is then raised. Water is removed through a valve to fill 

sample bottles. 

6.2.5 Surface Water Sampling Techniques 

Moat samples taken during site investigations are grab tramples. Typically, surface water 

sampling involves immersing the sample container directly in the body of water. The 

following suggestions are applicable to sampling springs, seeps, ditches, culverts, small 

streams and other relatively small bodies of water, and are presented to help ensure that the 

samples obtained are representative of site conditions: 

0 

0 

0 

0 

0 

P-T 0 

The most representative samples will likely be collected from near mid-stream, the 
center of flow in a culvert, etc. 

Downstream samples shall be colleded fur&., with subsequent aamples taken while 
moving upstream. Care shall be taken to minimize sediment disturbance while 
collecting surface water samples. If necessary, sediment samples shall be collected 
after the corresponding surface water sample. 

Samples may be collected either by immersing the approved Bample container or a 
glass or nalgene beaker into the water. Sample bottles (or beakers) which do not 
contain preservatives shall be rinsed at least once with the water to be sam:pled prior 
to sample collection. 

Care shall be taken to avoid excessive agitation of the water which may result in the 
loaa of volatile constituents. Additionally, samples for volatile organic analyses shall 
be collected first, followed by the sample8 for other constituents. 

Measurement-a for temperature, pH, specific conductance, or other field parameters, as 
appropriate, shall be collected immediately following sample collection for laboratory 
analyses. 

All samples shall be handled as described in SOP F301. 

The sampling location shall be marked via wooden stake placed at the neared bank or 
shore. The sampling location number shall be marked with indelible ink on the stake. 
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l The following information shall be recorded in the field logbook: 

) Project location, date and time. 
) Weather. 
) Sample location number and sample identification number. 
) Flow conditions (i.e., high, low, in flood, etc.) and estimate of flow rate. 
) Visual description of water (i.e., clear, cloudy, muddy, etc.). 
) On-site water quality measurements. 
) Sketch of sampling location including boundaries of water body, sample location 

(and depth), relative position with respect to the site, location of wood identifier 
stake. 

) Names of sampling personnel. 
) Sampling technique, procedure, and equipment used. 

General guidelines for collection of samples from larger streams, ponds or other water bodies 

are as follows: 

The most representative samples are obtained from mid-channel at mid- stream depth 
in a well-mixed stream. 

For sampling running water, it is suggested that the farthest downstream sample be 
obtained first and that subsequent samples be taken as one works upstream. Work 
may also proceed from xones suspected of low contamination to zones of high 
contamination. 

It is suggested that sample containers which do not contain preservative be rinsed at 
least once with the water to be sampled before the sample is taken. 

To sample a pond or other standing body of water, the surface area may be divided into 
grids. A series of samples taken from each grid is combined into one composite sample, 
or several grids are selected at random. 

Care should be taken to avoid excessive agitation of the water that would result in the 
loss of volatile constituents. 

When obtaining samples in 40 ml septum vials for volatile organics analysis, it is 
important to exclude any air space in the top of the bottle and to be sure that the Teflon 
liner faces inward. The bottle can be turned upside down to check for air bubbles after 
the bottle is filled and capped. 

Do not sample at the surface unless sampling specifically for a known constituent 
which is immiscible and on top of the water. Instead, the sample container should be 
inverted, lowered to the approximate depth, and held at about a 45-degree angle with 
the mouth of the bottle facing upstream. 

Measurements for temperature, pH, specific conductance, or other field parameters, as 
appropriate shall be collected immediately following sample collection for laboratory 
analysis. 
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a All samples shall be handled as described in SOP F301. 

l Items to be recorded in the field logbook are the same as those described above for 
small streams. 

5.3 _ Sediment Sampling 

Sediment samples usually are collected at the same locations as surface water samples. If only 

one sediment sample is to be collected, the sample location shall be approximately at the 

center of the water body. If, however, multiple samples are required, sediment samples should 

be collected along a cross-section to characterize the bed material. A common procedure for 

obtaining multiple samples is to sample at quarter points along the cross-section of flow. As 

with surface water samples, sediment samples should be collected from downs&earn to 

upstream. 

5.3.1 Sampling Equipment and Techniques 

A bottom-material sample may consist of a single scoop or core or may be a composite of 

several individual samples in the cross section. Sediment samples may be obtained using on- 

shore or off-shore techniques. 

When boats are used for sampling, U. S. Coast Guard approved personal flotation devices must 

be provided and two individuals must undertake the sampling. An additional person shall 

remain on-shore in visual contact at all times. 

The following samplers may be used to collect bottom materials: 

0 Scoop sampler 
0 Dredge samplers 
l Bucket&and auger 
0 Stainless steel spoon or trowel 

5.3.1.1 Scoop Sampler 

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of 

bamboo, wood or aluminum and be either telescoping or of f=ed length. The scoop or jar at the 

end of the pole is usually attached using a clamp. 
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If the water body oan be sampled from the shore or if it can be waded, the easiest and 

“cleanest” way to collect a sediment sample is to use a scoop sampler. This reduces the 

potential for cross-contamination. This method is accomplished by reaching over or wading 

into the water body and, while facing upstream (into the current), scooping in the sample 

along the bottom in the upstream direction. It is very difficult not to disturb fine-grained 

materials of the sediment-water interface when using this method. 

5.3.1.2 Dredpes 

Dredges are generally used to sample sediments which cannot easily be obtained using coring 

‘devices (i.e., coarse-grained or partiallycemented materials) or when large quantities of 

materials are required. Dredges generally consist of a clam shell arrangement of two buckets. 

The buckets may either close upon impact or be activated by use of a messenger. Most dredges 

are heavy (up to several hundred pounds) and require use of a winch and crane assembly for 

sample retrieval. There are three major types of dredges: Peterson, Eckman and Ponar 

dredges. 
-. 

The Peterson dredge is used when the bottom is rocky, in very deep water, or when the flow 

velocity is high. The dredge shall be lowered very slowly as it approaches bottom, because it 

can force out and miss lighter materials if allowed to drop freely. 

The Eckman dredge has only limited usefulness. It performs well where bottom material is 

unusually soft, as when covered with organic sludge or light mud. It is unsuitable, however, 

for sandy, rocky, and hard bottoms and is too light for use in streams with high flow velocities. 

The Ponar dredge is a Peterson dredge modified by the addition of side plates and a screen on 

the top of the sample compartment. The screen over the sample compartment permits water to 

pass through the sampler as it descends thus reducing the “shock wave” and permits direct 

access to the secured sample without opening the closed jaws. The Ponar dredge is easily 

operated by one person in the same fashion as the Peterson dredge. The Ponar dredge is one of 

the most effective samplers for general use on all types of substrates. Access to the secured 

sample through the covering screens permits subsampling of the secured material with coring 

tubes or Teflon scoops, thus minimizing the chance of metal contamination from the frame of 

the device. 
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6.3.1.3 Bucket (Hand) Auger 

Bucket (hand) augering is a viable method for collecting sediment samples in narrow, 

intermittent streams or tidal flats. Typically, a Pinch auger bucket with a cutting head is 

pushed and twisted into the ground and removed as the bucket is filled. The auger hole is 

advanced one bucket at a time, to a depth specified in the project plans. 

When a specific vertical sampling interval is required, one auger bucket is used to advance the 

auger hole to the fast desired sampling depth. If the sample at this location is to be a vertical 

composite of all intervals, the same bucket may be used to advance the hole, as well collect 

subsequent samples in the same hole. However, if discrete grab samples are to be collected to 

characterize each depth, a new bucket must be placed on the end of the auger extension 

immediately prior to collecting the next sample. The top several inchee of sediment should be 

removed from the bucket to minimize the changes of cross-contamination of the sample from 

fall-in of material from the upper portions of the hole. The bucket auger should be 

decontaminated between samples as outlined in SOP F502. 

5.3.1.4 Stainless Steel Spoon or Trowel 

For loosely packed sediments, a stainless steel scoop or trowel can be used to collect a 

representative sample, in narrow intermittent streams or tidal flats. 

Use the scoop or trowel to collect the sample from a desired depth. Remove heavy debris, 

rocks, and twigs before collecting the sample. Immediately transfer the sample to the 

appropriate sample container. Attach a label and identification tag. Record all ,required 

information in the field logbook and on the sample log sheet, chain-of-custody record, and 

other required forms. 

S.32 Sediment Sampling Procedure 

The following general procedure should be used, where applicable, for sampling sediment from 

springs, seeps, small streams, ditches, or other similar small bodies of water. Procedures 

sampling larger bodies of water (i.e., rivers, lakes, estuaries, etc.) should be developed on a 

project-specific basis, as needed. 
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l Sediment samples shall be collected from downstream locations to upstream locations. 

0 

0 

0 
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Sediment samples shall be collected only after the corresponding surface water sample 
has been collected, if one is to be collected. 

Samples shall be collected by excavating a sufficient amount of bottom material using 
a scoop, beaker, spoon, trowel, or auger. Samples should be collected with the 
sampling device facing upstream and the sample collected from downstream to 
upstream. Care should be taken to minimize the loss of fine-grained materials from 
the sample. 

The sample shall be transferred to the appropriate sample containers. Sampling 
personnel shall use judgment in removing large plant fragments to limit bias caused 
by bio-organic accumulation. 

All samples shall be handled as described in SOP F301. 

The sampling location shall be marked via a wooden stake placed at the nearest bank 
or shore. The sample location number shall be marked on the stake with indelible ink. 

The following information shall be recorded in the field logbook: 

) Project location, date and time. 
) Weather. 
) Sample location number and sample identification number. 
) Flow conditions. 
) Sketch of sampling location including boundaries of water body, sample location, 

water depth, sample collection depth, relative position with respect to the site, 
location of wooden identifier stake. 

) Chemical analyses to be performed. 
) Description of sediment (refer to SOP FOOl). 

QUALITY ASSURANCE RECORDS 

The description of the sampling event in the field logbook shall serve as a quality assurance 

record. Other records include chain-of-custody and sample analysis request forms as discussed 

in SOP F302. 
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TEST PIT AND TRENCH EXCAVATION 

1.0 PURPOSE 

The purpose of this procedure is to provide general reference information and technical 

guidance on the excavation of exploratory test pits and trenches. 

2.0 SCOPE 

These procedures provide overall technical guidance and may be modified by site-specific 

requirements for field exploratory trenches and test pits. Conditions which would make 

trench excavation difficult (such as a shallow water table), dangerous (presence of explosive 

materials or underground utilities) or likely to cause environmental problems (such as 

potential rupture of buried containerized wastes), will require modifications to the pro,cedures 

presented herein and may prevent implementation of the exploratory excavation program. 

Furthermore, the costs and difficulties in disposing. of potentially hazardous materials 

removed from the test pits may constrain their use to areas where contamination potential is m 

low. Consequently, the techniques described herein are most applicable in areas of low 

apparent contamination and where potentially explosive materials are not expected to be 

present. 

3.0 DEFTNITIONS 

Trench - Trench means a narrow excavation (in relation to its length) made below the surface 

of the ground. In general, the depth is greater than the width, but the width of a trench 

(measured at the bottom) is not greater than 15 feet. If forms or other structures are installed 

or constructed in an excavation so as to reduce the dimension measured from the forms or 

structure to the side of the excavation to 15 feet or less (measured at the bottom of the 

excavation), the excavation is also considered to be a trench (definition from Federal Register, 

Vol. 54 No. 209, Tuesday, October 31,1989,29 CFR Part 1926 Occupational Safety and Health 

Standards - Excavations; Final Rule) (see Attachment A). 
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Test Pit - A test pit is a small excavation made below ground surface to characterize soil type 

and quality as well as determine the types of wastes buried. In general, a test pit is dug using 

a backhoe with dimensions measured as follows: 

Width - Typically two to three backhoe buckets wide 

Length - Typically five to 10 feet long 

Depth - Typically to top of water table or one to two feet below base of fill material 

4.0 RESPONSIBILITIES 

Project Manager - It is the responsibility of the Project Manager to ensure that field personnel 

responsible for trench and test pit excavation are familiar with these procedures. It also is the 

responsibility of the Project Manager to ensure that all appropriate documents (i.e.; Test Pit 

Logs) have been completely and correctly filled out by the field inspector. 

Field Team Leader - The Field Team Leader is responsible for the overall supervision of all 

test pit and trenching activities, and for ensuring that each test pit is properly and colmpletely 

logged by the field inspector. It also is the responsibility of the Field Team Leader to ensure 

that all field inspectors have been briefed on these procedures. 

Field Inspector - The Field Inspector is responsible for the direct supervision of test pit and 

trenching activities. It is the Field Inspector’s responsibility to log each test pit, document 

subsurface conditions, complete appropriate forms, and to direct the test pit or trenching 

activities. 

5.0 PROCEDURES 

The procedures for test pit sizes, health and safety considerations, sampling, and backfilling 

are discussed in the following sections. Regulation for trench excavation, including trench 

sizes are given in the Tuesday October 31, i989 edition of the Federal Repister> 29 CFR Part 

1926, “Occupation Safety and Health Standards - Excavations; Final Rule” (see 

Attachment A). 
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Test pits and trenches permit detailed exploration of the nature and contamination of in-situ 

materials, and the characteristics and stratification of near surface materials. The size of the 

excavation will depend on: 

l Purpose and extent of the exploration. 
l Space limitations imposed by site conditions (i.e., proximity to buildings, utilities, 

etc.). 
l Contaminants present and the potential for release to the environment. 
l Stability of the materials being excavated. 
l Capabilities and limitations of the excavating equipment. 

Test pits normally have a width ranging from two to ten feet or greater, depending on the 

objectives of the excavation and the equipment used. Test trenches are elongated test pits, 

usually three- to six-feet wide and extending for any desired length. 

Standard equipment (i.e., backhoe) is readily available to excavate to depths of up to about 15 

feet. However, larger and deeper excavations may be required. Standard equipment can be 

used to excavate deeper than their nominal limits by stepping or benching the excavation. 

5.2 Health and Safety Considerations 

Care must be taken by all on-site personnel during every phase of the test pit or trench 

excavation operation to avoid possible chemical and physical hazards. Chemical hazards may 

occur from direct exposure to excavated wastes or inhalation of volatilized materials. Physical 

hazards include the possible collapse of the trench or test pit, possible injury through violent 

contact with excavation equipment, or explosion or other forceful reaction upon contact with 

utilities exposed drums or other wastes. 

All test pit and trench excavation activities must be carefully detailed in the site-specific 

Health and Safety Plan which will specify all precautions to be observed relative to possible 

chemical or physical hazards associated with these operations. Respiratory and personal 

protective equipment to be worn by all on-site personnel involved in excavation operations 

also will be specified in this document. 
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At locations where access is not restricted, a safety zone shall be established around the 

excavation. Additionally, personnel should, NOT under any circumstances, enter the 

-excavation. Prior written approval and procedures documented in the Sampling and Analysis 

Plan and Health and Safety Plan, and approved by LANTDIV are required if entry into the 

excavation is to be considered. Additionally, a site Health and Safety Officer familiar with 

excavations shall be on site and shall direct the entry procedures. 

5.3 ILoptginR 

Test pits an&or trenches shall be logged and sampled by the Field Inspector. Soils shall be 

classified and described in accordance with the procedures given in SOP FlOl. Test Pit 

Records (see Figure 1) shall be legibly completed for all test pits. Samples shall only be 

collected Corn material in the equipment bucket, or from the pile of excavated materials. The 

excavation shall NOT be entered for the purpose of collecting samples. 

5.4 Backfiiine: 

Backfilling of trenches and test pits is a normally accepted practice to reduce immediate site 

hazards and minimize the potential for rainwater accumulation and subsequent contaminant 

migration. 

After inspection and completion of the appropriate test pit logs, backfill material should be 

returned to the pit under the direction of the field inspector. Any hazardous and/or waste 

materials which are not returned to the excavation as backfill must be collected and properly 

disposed. If a low permeability layer is accidentally penetrated, or if a soil layer containing 

substantial quantities of contaminants is encountered, back511 material must consist of a soil- 

bentonite mix. The mix should be prepared in a proportion specified by the field inspector and 

should be covered by “clean” soil and graded to the original land contour. Where it is safe to do 

so, the backhoe bucket should be used to compact each one to two-foot layer of backfill as it is 

placed, to reduce settling and compaction. The test pit cover should be inspected and further 

regraded, if necessary after settling has occurred. 
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PROJECT: 
CT0 NO.: 
COORDINATES: EAST 
SURFACE ELEVATION: 
WEATHER: 

TEST PIT NO.: 
NORTH : 
WATER LEVEL: 
DATE: 

HNU = Photo Ionization Detector Reading 
OVA = OrganicVapor Analyzer Reading 

Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

B- 

9- 

lo- 

ll - 

12- 

13- 

14- 

15- 

16- 

17- 

18- 

19- 

707 

rmplc 
be 
and 
No. 

r !t: NU or 
IVA) ppm 
- 

eld ead 
race - 

tab. 
Ilass. 

mb. 
loist 
% 

DEFINITIONS 
lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Soil 
itrat 

Visual Description 

(Principal Constituents, Gradation, Color, Moisture Content, Organic 
Content, Plasticity, and Other Observations) 

Elevation 
(MN 

I 

I 

-. 

.,- 

1 

CONTRACTOR: 

EQUIPMENT: 

BAKER REP. : 

TEST PIT NO.: SHEET 1 OFA 
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5.5 Test Pit Excavation Procedures 

The following procedures apply to the excavation and backfilling of a typical test pit. Note 

that if a subcontractor is procured to perform the test pit operations, the subcontractor must 

provide both an equipment operator and a supervisor: 

0 

0 

0 

l 

r”“- l 

0 

0 

0 

6.0 QUALITY ASSURANCE RECORDS 

The positions of the test pits shall be located in the field by the field team leader. 

Utility clearance shall be obtained for all test pit locations prior to excavation. 
Contact appropriate Base personnel as well as MISS Utility (VA, MD, DC) or ULOCO 
(NC). 

MISS Utility (l-800-552-7001) 
ULOCO (l-800-632-4949) 

Excavation equipment shall be thoroughly decontaminated prior to and after each test 
pit excavation. 

A safety zone shall be established around the test pit location prior +,o initiation of 
excavation activities. 

Excavation shall commence by removing lifts of no more than approximately 6 to 
12 inches of soil. 

The field inspector shall log the test pit soils and record observations on a Test Pit 
Record (Figure 1). Additionally, the test pit cross-section shall be sketched in the Field 
Logbook with notable features identified. 

If applicable, soil or waste samples shall be collected either from the backhoe bucket or 
from the pile of excavated materials following all appropriate SOPS (i.e., F102). 

Test pit depths (and water levels) may be measured using an engineers rule (six foot) 
or a weighted measuring tape. Depths shall be measured from the ground surface. 

Upon completion, test pita shall be immediately backfilled as described in Section 5.4. 

Test pit locations shall be marked with five wooden stakes; one at each corner and one 
in the center. The test pit number shall be recorded on the centrally located stake. 

If applicable, the test pit will be surveyed by a registered land surveyor or Imeasured 
and referenced to nearby permanent site structures (i.e., buildings, curbs, fences, etc.). 

n The Quality Assurance Records that should be prepared include Test Pit Records and the Field 

Logbook. 
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7.0 REFERENCES 

OSHA ,1989. Occupational Safety and Health Standards - Excavations; Final Rule. 29 CFR 

Part 1926. 



ATTACHMENT A 

OSHA - EXCAVATIONS, FINAL RULE 

29 CFR PART 1926 



Tuesday 
October 31, 1989 

Department of Labor 
‘I 

Occupational Safety and Health j 
Admfnlstratlon 1 

29 CFR Part 1926 
Occupational Safety and Heaith 
Standards-Excavations; Final Rule 



Federal Register / VoI. 54, No. 209 / Tuesday, Odtober 31. 1989 / Rules and Regulations 45933 

PART 1928-(AMENDED] 

1. By revising the authority citation for 
subpart M of part 19a to read as 
follow5: 

Authori~ Sac 107. Contrsad Work Hours 
and Safety Standards Act (Conntn~ction 
Safety Act) (40 USC. 333): Sets. 4. a a 
Occupational Safety and Health Act of 1970 
(23 USC. 653.655.657); Secretpry of Lnbor’r 
Order No. U-71 (36 FR 67WJ, 8-76 (41 FR 
m9). or 4-83 (46 FR 35738). as applicable, 
andzsCFRpartisl1. 

2 By revising subpart P of part 1928 to 
read as follows: 
9ubpaftP-Exca~ 
stc 
1926650 Scope, applicatioa and definitions 

applicable to thir subpart 
1920.85$ General requirements. 
1928.852 Requirementa for protective 

ryrtems. 
AppeDdix A to Subpart P-Soil Cla88Zi~tion 
Aped& B to Sukput P-SfopGy aad 

$qrezreztc subpart P-Timhsr Show 

Appendix D to subput P--Aluminum 
Hyddlc Sboriq for Treacbea 
Appeadix E lo SuhpaH P--Altm~.~liver to 
7%Ilhershoring 

AppsndLx F to Sum P-Sakth of 
RQtedivo systems 

Subpart P-Excavations 

Authocitvz Set 1~7, Contract Worker How 
and Safetyhndards Act (Codn~ion 
Safety Act) (40 0.S.C 333): SM. 4. a a 
Occupational Safety and Healtb Act of 1970 
(29 u.s.c 853.6sa 657): secrstsry of Labor’s 
Order No. 12-7l(38 FR 8754). b76 (41 FR 
w). or 8-83 (a FR 3~73~). sr applicable. 
and ~9 CFR pars 1911. 

0 102asti !%o#, rpp(katlon. md 
defl- q#aMe to thk subpart. 

(a] Scope and upplicufion. ‘I% 
subpart applies to all open excavations 
made in the earth’s turface. Excavations 
are defined to include trenches. 

(b) Definitions applicable to this 
subpati 

Accepfed engineering pmctikes means 
those mpiramentd which are 
compatible with standard5 of practice 
required by a registered professional 
engineer. 

Aluminum Hydraulic Shori?g means a 
pre-engineered shoring system 
comprised of aluminum hydraulic- 
cylinder5 (crossbraces) used in 
conjunction with vertical rails (uprights) 
or horizontal rails (walers). Such system 
is designed. specifically to support the 

sidewall5 of an excavation and prevent 
cave-ins. 

Bell-botiom pier hole means a type of 
shaft or footing excavation the bottom 
of which is made larger than the ~055 
section above to form a belled shape. 

Benching (Benching system) means a 
method of protecting employee5 fram 
cave-ins by exwvating the sides of an 
excavation to form one or a reties of 
horizontal levels or steps. usually with 
vertical or near-vertical surfaces 
between levels. 

Cave-in mean5 the separation of a 
mass of soil or rock material kom the 
side of an excavation, or the loss of soil 
from under a trench shield or support 
system, and ita sudden movement into 
the excavation. either by falling or 
sliding, in sufficient quantity so that it 
could entrap, bury, or otherwise injure 
and immobilize a person. 

Competent person means one who ir 
capable of identifying exirting and 
predictable hazard5 in the sukoundingr, 
or working conditions which am 
unsanitary-, hazardour, or dangerous to 
employees, and who has authorization 
to take prompt corrective measures to 
eliminate them. 

Crass brutes mean the horizontal 
members of a shoring system installed 
p&pendlculsr to the sides of the 
excavation, the ends of which bear 
against either uprights or waler. 

Excuvation mean5 any man-made cut 
cavity, trench, or depression in an earth 
surface, formed by earth removal. 

Faces or sides means the vertical or 
inclined earth surfaces formed as a 
result of excavetion work. 

Failure means the breakage, 
displacement, or permanent deformation 
of a structural member or connection so 
as to reduce its structural integrity and 
its supportive capabilities. 

Hazardous atmosphere means an 
atmosphere which by reason of bei 
explosive, flammable. poisonous. 
corrosive, oxidizing. trritating, oxygen 
deficient, toxic or otherwise harmful. 
may cause death illness. or injury. 

Kickoul mean5 the accidental release 
or failure of a cross brace. 

Protective system means a method of 
protecting employee5 from cave-ins, 
from material that could fall or roll from 
an excavation face or into an. 
excavation. or from the collapse of 
adjacent structurer. Protective systems 
include support systems. sloping and 
benching systema. shield 5yystemr. and 
other systems that provide the . 
necessary protection. . 

Ramp means an inclined walking or 
working surface that is used to gain 
access lo one point h-am another. and IS 
constructed from earth or from 

stn~tural materials such as steel or 
Wood. 

isten9d Pn7fesaiond Bngher q 
% me;‘ @&Wfoiwa’ isB@aitktif3%~ pr 

profek~oxiXi@neer in the state where 
the work is to be performed. However, a 
professional engineer, registered In eny 
state Is deemed to be a “registered 
professional e@ne&%Wn4k 
meaning of thfr standard when 6 
a‘ppmvfng designa for “manufactured. 
PtecUve systems” or “tabulated data” 
to ba. wed in lrltemtate commsn’m 

Sheeting meana the memlbers of a 
shoring system that retain the earth in 
position and in turn are supported by 
other members of the shoring system. 

Shield (Shield system) means a 
structum that ir able to withstand the 
forces imposed on it by a cave-in and 
thereby protect employees ,within the 
smctum. Shields can be peirmanent 
structures or can be designed to be 
portable and moved along as work 
progressaa Additionally, r&l& can be 
either premanufactured or ,job-built in 
accordance with f 192&W? (c)(S] or 
(c)(l). Shields used in trencher are 
u5uaUy referred to as “trench boxer” or 
“trench shiek” 

Shoring (Shoring system) maans a 
shuctum such as a metal hydraulic 
mechanical or timber shoring system 
that supports the rider of an excavation 
and which is designed to prevent cave- 
ins. 

Sides. See “Faces.” 
Sloping (Sloping syete&l mean5 a 

method of protecting employees from 
cave-ins by excavating to form aides of 
an excavation that are inclined away 
from the excavation m as to prevent 
cave-ins. The angle of incline required to 
prevent a cave-in varies with 
diEereuces in such factor3 as the soil 
* environmental cofditiopr of 

;;izure. and applicahon of surcharge 
. 

Stable rock mean5 natural solid 
mineral material that can be excavated 
with vertical side5 and will remain 
intact while exposed. Unstable rock is 
considered to be stable when the rock 
material on tbe side or rides of the 
excavation is eecured agaiust caving-in 
or movement by rock bolla or by another 
protective system that ha5 been 
designed by a registered professional 
engineer. 

Structural ramp mealw a ramp built of 
steel or wood, usually used for vehicle 
access. Ramps made of soil or’rock are 
not considered rtructural ramps. 

Support system mean5 a 5Quctive 
such as underpinning, brecing, or 
rhoring, which provides support to en 
adjacent structure. underground 



h18talIaW oc the sides of an 
cavatioo. 
rabuloreddato meaar tables-and 

chits approved by a regiatarad 
~$g~-~;tw=t and used to d-b 

-crran~ 
ve 1y8tenL 

excavation) means a 
narrow excavation (in r&don to its . 
length) made below the surface of the 
grwnd. In general &e depth b greater 
than the width but the width of a trench 
(meaawd at the bottom) ls not greater 
than 15 feed (4.6 m). If forms or other 
$tnlCturea are i.Mtaued or con8tnlcted in 
an excavation 80 a8 to reduce the 
dimension measured from the forms or 
structure to the ride of the excavation to 
15 feet (4.8 m) or lerr (measured at the 
bottom of the excavation), the 
excavation is also con+dered to be a 
trench. 

lzench box. See ‘Shield.” 
Trench rhiield. See “!Weld.” 
Uprights means the vertical members 

of a tranch shoring 8pstem placed in 
contact with the earth and usually 
poritioned 80 that individual members 
do not contact each other. Uprighta 
placed so that individual memben are 
closely spaced. in contact with or 
interconnected to each other. am often 
called “sheeting” 

Wdes means horizontal members of a 
koring system placed perallel to the 
cavation face whose sides bear 

,gainat the vertical members of the 
shoring system or earth 

$192&as1 ci+rrmlrwqufrsln&lt#. 
(a) Surfclce encumbmnces. AU surface 

encumbrance8 that are located 80 as to 
create a hazard to employee8 shall be 
removed or supported as necessary, to 
safeguard employees. 

(b) Underground installations. (1) The 
estimated location of utility 
installations, such as sewer. telephone, 
fuel. electric water lies. or any other 
underground installations that 
rea8onably may be expected to be 
encountered during excavation work 
shall be determined prior to opening an 
excavation 

(2) Utility companies or owners @hall 
be contacted within established or 
customary local response times advised 
of the proposed work and asked to 
establish the location of the utility 
underground installations prior to the 
rtart of actual excava tioh When utility 
companies or owners cannot respond to 
a request to locate underground utility 
instalfationa within 24 hours (unles6 a 
longer period is required by state or 
local law). or cannot establish the exact 
hcation of these installations, the 

nployer may proceed provided the 
,nployer does so with cautioa and 

provided &to&ion equipment or other 

acceptable means to locate utility 
installations are used 

(3) When otcavation operations 
approach the eetimated location of 
underground installations. the exact 
location of the installations ahall be 
determined by safe and acceptable 
meenr 

(4) While the excavation is open 
underground installation8 shall be 
protected. supported or removed as 
necessary to safeguard employeea. 

(c) Access and egress-(l) Stmctud 
ramps. (i) Structural ramp8 that are used 
solely by employee8 as a means of 
access or egress from excavations shall 
be designed by a competent person. 
Structural ramp8 used for access or 
egress of equipment shall be designed 
by a competent person qualified in 
rtructuraI design and shall be 
constructed in accordance with the 
design 

(ii) Ramps and runway8 constructed 
of two or more structural member8 shall 
have the structural members connected 
together to prevent displacement. 

(ii) Structural member8 used for 
ramps and runway8 shall be of uniform 
thichesr. 

(iv) Cleats or other appropriate means 
used to connect runway structural 
members ahall be attached to the bottom 
of the runway or shall be attached in a 
manner to prevent tripping 

(v) Stntctural ramp8 used in lieu of 
steps shall be provided with cleats or 
other rwface treatment8 on the top 
surface to prevent slipping 

(2) Means of egress from trench 
excavations. A stairway, ladder, ramp 
or other safe means of egresr shall be 
located in trench excavations that anr 4 
feet (1.~ m) or more in depth so es to 
require no more than 2.S feet (7.62 m) of 
lateral travel for employees. 

fdl Ev~osure to vehicular tmffic 
l&pioy&s exposed to public vehicular 
traffic shall be provided with. and shall 
wear. warning vests or other suitable 
garments marked with or made of 
reflectorized or high-visibility material 

(e) Exposure CO falfing loads. No 
employee shall be permitted underneath 
loads handled by lifting or digging 
equipment Employees shall be required 
to stand away from any vehicle being 
loaded or unloaded to avoid being 
struck by any spillage or failing 
materials. Operators may remain in the 
cabs of vehicles being loaded or 
unloaded when the vehicles are 
equipped. in.accordance with 
0 192S.Mtl(b)(6), to provide adequate 
protection for the operator during 
loading and unloading operations. 

( f) Warning system for mobile 
equipment. When mobile equipment is 
operated adjacent to an excavation. or 

when such equipment is required to 
approach the edge of an excavation. and 
the operator does not have a clear and 
direct view of the edge of the 
excavation. a warning ryrtem shall be 
utilized such as barricades. hand or 
mechanical signals. or stop logs. If 
possible. the grade should be away from 
the excavation. 

(g) Haza&us atmospheres--(l) 
Testing and controls. In addition to the 
requirements set forth in subpart8 D end 
E of this part (29 CFR 1928.50-1928.107) 
to prevent exposure to harmful levels of 
atmospheric contaminants and to assure 
acceptable atmospheric conditions. the 
following requirement8 shall apply: 

(i) Where oxygen deficiency 
(atmospheres~containg less than 195 
percent oxygen) or a hazardour 
atmosphere exists or could reasonably 
be expected to exist ruch as in 
excavation8 in landfill area8 or 
excavations in areas where hazardous 
substance8 are stored nearby. the 
atmospheres in the excavation shall be 
teated before employees enter 
excavationa greater than 4 feet (122 m) 
in depth. 

(ii) Adequate precautions shall be 
taken to prevent employee exposure to 
atmospheres containing less than 19.5 
percent oxygen and other hazardous 
atmospheres. These precautions indude 
providing proper respiratory protection 
or ventilation ln accordance with 
subparts D and E of &is part 
respectively. 

(ii) Adequate precaution shall be 
taken such a8 providing ventilatioa to 
prevent employee exposure to an 
atmosphere containing a concentration 
of a ff sntmable gas in excess of 20 
percent of the lower flammable limit of 
the gas. 

(iv) When controls are used that are 
intended to reduce the level of 
atmospheric contaminants to acceptable 
levels, testing shall be conducted as 
often as necessary to ensure that the 
atmosphere remains safe. 

(2) Emergency rescue equipment. ii) 
Emergency rescue equipment. such as 
breathing apparatus. a safety harness 
end line, or a basket stretcher, shall be 
readily available where hazardous 
atmospheric conditions exist or may 
reasonably be expected to.develop 
during work in an excavation. This 
equipment shall be attended when in 
use. 

(ii) Employees enteriug bell-bottom 
pier holes, or other similar deep and 
confined footing excavations. shall wear 
a harness with a life-line securely 
attached to it. The lifeline shall be 
aepamte from any line used to handle 
materiair, and shall be individually 



attended at all time8 while the empIoye8 
wearing the Lifeline t5 in the axcavatiop 

(h) Protection *m hauvdt 
oswcioted with water o$x+ruiotion. (1) _ __ 

(3) Sidewalks, pavement% and 
appurtenant stzucture shall not be 
undermined unless a support system or 

I 

another method of protection is 

Employees shall not work tn 
excavation8 in which there is 
accumulated water, or in sxcavadons in 
which water is accumulating, tie58 
adequate precaution5 have been taken 
to protect employees against tha 
hazards posed by waler accumulation 
The precaution5 necessary to protect 
employees adequateIy vary with each 
situation, bat could include spedal 
support or shield system5 to protect 
from cave-ins. water removal to contiot 
he level of accumulating water, or use 
of a safety harness and lifeline. 

(2) If  water is controlled or prevented 
from accumulating by the use of water 
removal equipment the water removal 
equipment and operation5 shaU be 
monitored by a competent person to 
ensure proper operation 

(3) If  excavaffon wo* Lntermpt5 the 
natural drainage of surface water (such 
as streams). diver5fon ditche5, dikes, or 
other suitable means shall be used to 
prevent surface water ikvm entering the 
excavation and to provide adequate 
drainage of the area adjacent to the 
excavation Excavation5 subject to 

-., runoff from heavy rains will require an 
inspection by a competent person and 
compliance with paragraphs (b)(l] and 
(b)(Z) of this section. 

(i) Stobiiity of adjacent stmctures. (1) 
Where the stability of adjoining 
buildings. walk. or other structures is 
endangered by excavation operationa 
support system8 such a6 shoring, 
bracing. or underpinning shall be 
provided to ensure the stability of such 
structure6 for the protection of 
emplcyees 

(2) Excavation below the Icvel of the 
base cr footing of any fcundation or 
retaining wail that could be reasonabIy 
expected to pose a hazard to employees 
shall not be permitted except when: 

(i) A eupport system, such as 
underpinning, is provided to ermure the 
8afety of employees and the rtabihty of 
the structure: or 

(ii) The excavation is in etable rock; Or 
(iii) A registered professional engineer 

has approved the determination that the 
structure i6 sufficently removed from the 
excavation so es to be unaffected by the 
excavation activitr, or 

(iv) A registered professional engineer 
has apptwed the determination that 
such excavation work will not-pose a 
hazard to employees: -_ _- 

provided to protect employee8 tram the 
possible co)@8 of such stru&U88. 

(j) Pmrecrion af efnpfovees finm hose 
rock or soil. (1) Adequate protection 
shall be provided to protect employees 
from loose rock or roil that could ~055 5 

hazard by falhng or rolling from an 
excavation face. Such protection shall 
consist of scaling to remove 10058 
material; installation of protective 
barricades at lutewab aa nm on 
the face to stop and contain fplliae 
material; or other means that provide 
equivalent protection. 

(2) ~~1Oy~S 6hd be ~tedd fn?m 

excavated or othar materials or 
equipment that coald pose a hazard by 
falling or ding into excavations. 
Protection shall be provided by piadng 
and keeping such materials or 
equipment at least 2 feet (.6X m) from the 
edge of excavations, or by the use of 
retaining devices that are 8ufficient to 
prevent materM or equipment from 
falling or rolling tnto excavations, ar by 
a combination of both if necersary. 

(k) Inspections. (1) DaiIy inspectian 
.of excavations, the adjacent areas, and 
protective systems shall be made by a 
competent person for evidence of. a 
situation that could result fn possible 
cavobs, ftldicatiucs of faihIr8 of 
protective systems, hazardow 
atmospheres, or other hazardous 
conditions. An inspection 5hall be 
condilcted by the competent person 
prior to the start of work and as needed 
throughout the shift. Inspection6 SW 
aIso be made after every rainstorm or 
other hazard increasing occurrecca. 
These inspections are only required 
when employee exposure can be 
reasonably anticipated. 

(2) Where the competent @zrsoa finds 
evidence of a situation that could result 
in a possible cave-in indicatiocs of 
failure of protective systems, hazardous 
atmospheres. or other hazardous 
conditions. exposed employee5 shall be 
removed frum the hazardous area until 
the necessary precautions have been 
taken to ensure their ssfety. 

(I) FoU pm&lion. (1) Where 
employee6 or equipment are required or 
permitted to cros6 over excavation& 
walkways or bridge5 with rtandard 
guardrails shall be provided. 

(2) Adequate barrier physical 
protection shall be provided at ali’ 
re’motely located excavations. AU welh. 

pit8 rhafta etc.. shall be barricaded or 
covered. Upon completion of 
exploration and similar operations, 
temporary wells. pits. shafts, etc.. shall 
be backfiUcd. 

x -af=- 
(a] Protection ofempfoyees in 

excovotions. (1) Each employee tn an 
excavation shall be protected from cave- 
in6 by an adequate protective system 
designed in accordance with pamgraph 
(b] W(C) Of this SectIOtl eXCf$t WtiC?SC 

(i) Excavation8 are ma& entirely tn 
stable ro& or 

(iii Excavation8 are less than 5 feet 

(k%?mJ in depth and examination of the 
ground by a competent parson proMe 
no indication of a potential cave-in 

(2) Protective system6 5bs.U have the 
capacity to resi8t without faih? alI 
loads that 8se intended or couSd 
reasonably be expec&d to be applid or 

transmitted to the system. 

;E%;Fkzs& 

be8&ctedandcorMuoMbythe 
employer or hfr designee and 8hall k ta 
accordanca with the re&remantr d 
paragraph (b)(lk or, fn the aIternem 
paragraph (b)(2): or, in the alkmatM 
paragraph (b)(3), or. fn the alternat& 
pfll%@hph (b)(4)* as fouows: 

111 O&on fzl-Affowable 
coi+&timti&~andsfopes. [i) 
Excavations shall be sloped at an sngie 
not steeper than one and one-half 
horizontal to one vertical (M degree8 
measured from the horizontal), un!a8 
the employer asea one of the other 
option5 Wed below. 

(ii) Stopes spedfied in paMgraph 
(b)(l)(i) of this section SW be 
exdavated to form configurations that 
are in accordance with the 6Nopea shown 
for Q-pe C soil in Appendix IB to tb 
subpart 

(2) Option (2+DetemGotion of 
slopes and configumtions using 
Appendices A and B. Maxim~?~? __ 
allowable slopea and allowable 
configura tionr for slopin and .bXtcbg 
systems. shall be determined in 
accordance with the condition5 and 
requirement5 set forth in appendices A 
and B to this subpart. 

(3) Optibn (3~D&ns using ok 
tobufateddata. (i) Designs of sloptng or 
benching system8 shall be 8&cted from 
and be in accordance with tabulate4 
data. such as tables and cherta 

(ii) The tabulated data shall be in 
written form and shall include all of the 
foUowingZ 

(A) Identification df the parametm 
that affect the 5eIection of a sloping or 
benching system drawn from such data: 

(B) Identification of the lirniits of use of 
the data, to include the magnitude and 
configuration of slopes determined to be 
safe: 
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(C) Explanatory Information as may 
be necessary to aid the user in making a 
correct selection of a protective system 
fmmthedata. - 

fii0 At least one CODY of the tabulated 
da’ta *which identifl&‘&e registered 
profe55ion4l engineer who approved the 
data, 5halI be maintained at the jobsite 
during construction of the protective 
system. After that time the data may be 
stored off the jobsite. but a copy of the 
data shall be made available to the 
Secretary upon request 

(4) Option [+&sign by 4 registsnzd 
professiona/ engineer. (i) Sloping and 
benching 5y5tems not utilizing Option 
(1) or Option (2) or Option (3) under 
$RU4@?fph@)Ofthi5 64CtiO~Sh4~b'J 
approved by a registered professional 
engineer. 

(ii) Designs sh4l.l be in written form 
and shall include at least the following: 

(A) The magnitude of the slope8 that 
were dete&ned to be safe for the 
particular project; 

(B) The configurations that were 
determined to be safe for the particular 
project; and 

(C) The identity of the registered 
professiorml engineer approving the 
design 

[iii) At least one copy of the design 
shall be maintained at the jobsite while 
the slope L being constructed. After that 
time the design need not be at the 
jobsite. but a copy ShaU be made 
available to the Secretary upoo request 

;.’ 
! 

(C) Explanatory information as may 
be necessary to aid the user in making 4 
corm3 selection of a protective system 
from the data 

(c) Des&n of suppofi systems, shield 
sys&ms. and other protective systems 
Designs of support system5 shield 
systems. and other protective system5 
shall be selected and constructed by the 
employer or his designee and shall be in 
accordance with the requirements of 
paragraph (c)(l); or, in the alternative. 
paragraph (c](2); or, in the alternative. 
paragraph (c)(3); or, in the alternative. 
paragraph [c](4) as follows: 

(iii) At least one copy of the tabulated 
da :a. which identifies the registered 
professional engineer who approved the 
data, shall be maintained at the jobsite 
during construction of the protective 
system. After that time the, data may be 
stored off the jobsite, but a copy of the 
data shall be made available to the 
Secretary upon request. 

(1) Option [l&Designs using 
appendices A, C and D. Designs for 
timber shoring in trenches shall be 
determined in accordance with the 
condition8 and requirement5 set forth in 
appendices A and C to this subpart. 
Design5 for aluminum hydraulic shoring 
shall be in accordance with paragraph 
(c)(2) of this section, but tf 
mantiacturer’s tabuIated data CaNlOt be 

utilized. designs 6haU be in accordance 
with appendix D. 

(4) Option (4+Desigri by a registered 
professional engineer. (i) Support 
systems. ehield systems, and other 
protective systems not utilii Option 
I. Option 2 or Option 3. above. shall be 
approved by a registered professional 
engineer. 

[ii) Design5 shall be in written form 
and shall include the following: 

(A] A plan indicating the cizes. types, 
and confinura tions of the materials to be 
used in thye protective system; and 

(B) The identity of the registered 
professional engineer approving the 
design. 

(2) Option (2wesigns Using 
Manufactunw’s TabulatedData. (i) 

(iii) At least one copy of the design 
shall be maintained at the jobsite during 
construction of the protective system. 

Design ?f support system& shield 
systems. or other protective 5y5teni5 ’ 

After that time. the designmay be 
stored ofT the jobsite, but a copy of the 

that are drawn from manufacturer’8 
tabulated data shall be in accordance 

design shall be mad+ available to the 
!! 
! with aU specifications. 

Secretary upon request. 
(d) Materials and equipment. (1) 

; recommendations, and limitations Materials and equipment used for 
issued or made by the manufacturer. protective system5 shall be free from 

, 4 

(ii) Deviation from the specifications. 
recommendations, and limitations 
issued or made by the manufacturer 
shall only be allowed after the 
manufacturer issues specific written 
apprQv4L 

(iii) Manufacturer’5 specifications, 
recommendations, and limitations, and 
manufacturer’5 approval to devtate from 
tie specifications. recommendations. 
and limitations shall be in written form 
at the jobsite during construction of the 
protective system. After that time this 
data may be stared off the jobsite, but a 
copy shall be made available to the 
!3fwstaiy upon request. 

(3) Option (3)-Desijps using other 
&b&a&d data. (i) Design5 of support 
systems, shield systema or other 
protective system5 shall be selected 
from and be in accordance with 
tabulated data, such as tables and 
charts. 

(ii) The tabulated data shall be in 
written form and include all of the 
fouowing 

(A) Identification of the parameters 
that affect the selection of a protective 
system drawn from such data: 

(B) Identification of the Limits of use of 
the data: 

damage or defects that might impair 
their proper function. 

(2) Manufactured materials and 
equipment used for protective systems 
shall be used and maintained in a 
manner that is consistent with the 
recommendations of the manufacturer. 
and in a manner that will prevent 
employee exposure to hazards. 

(3) When material or equipment that 
is used for protective systems is 
damaged. a competent person shall 
examine the material or equipment and 
evaluate its sdtability for continued use. 
If the competent peraon cannot assure 
the material or equipment is able to 
support the Mended load5 or Is 
otherwise suitable for safe use, then 
such material or equipment shall be 
removed from service. and shall be 
evaluated and approved by 4 registered 
professional engineer before being 
returned to service. 

[e) installation and removal of 
support--(l) Cenemf. (i) Members of 
support systems shall be securely 
connecterI together to prevent $i* 
Ml& hckouta, or other preduztable 

(ii] support systems shall be installed 
and removed in a manner that protect5 
employees tirn cave-in& structural 
collapses. or-from being struck by 
member5 of the support system. 

(iii) Individual member5 of support 
systems shall not be subjected to loads 
exceeding those which those member5 
were designed to withstand. 

(iv) Before temporary removal of 
individual member5 begins. additional 
precaution.9 shall be taken to ensure the 
safety of employees, such as installing 
other structural member5 to carry the 
loads imposed on the support system. 

(v) Removal shall begin at. and 
progress from, the bottom of the 
excavation. Member5 shall be released 
slowly so as to note any indication of 
possible failure of the remaining 
members of the structure or possible 
cave-in of the sides of the excavation. 

(vi) Backfilling shall progress together 
with the removal of support systems 
from excavations. 

(2) Addjfionul requirements for 
support systems for trench excavations. 
(i) Excavation of material to a level no 
greater than 2 feet (.61 m) below the 
bottom of the member5 of a support 
systev shall be permitted, but pnly if the 
system is designed to desist the forces 
calculated for the full depth of the 
trench, and there are no indication5 
while the trench is open of a possible 
loss of soil from behind or below the 
bottom of the support system. 



(ii) InrtnUatbn of a tapporl tyskm 

sbaUbedoaalyooordinatedwftbtbe 
excavation of trencbea - - 

(f) SIoping and ban&i sysm 
Employees shaU not ha permItted to 
work 011 the faces of rloped or benched 
excavations at level8 above other 
emproyees except wban empioyeea at 
the lower levelr ma adequatdy 
protected loom the hazard of falling, 
roU.ing. or sff dbg material or equipment 

(gj Shieldoysremo--(l) Cenemf. (i) 
Shield systems shall not be wbjecied to 
loads t3xcedq the which the rysfam 
was designed to withstand. 

(ii) Shields dtall be inetalkd in a 
manner to rasttfd lateral or other 
hazardous movement of the shield in Lbe 
event of the application of sudden 
late& loada. 

(iii) Employees shall be protected 
6-016 the hauvd of cuv4ns when 
entering or axiting tba areas pmteded 
by rtde\dr. 

(iv) Employees shall not be allowed in 
shields when rhiebis are being MalIed, 
removed, or moved verticaUy. 

(2) Adciitioncd reqwmment for shield 
systatns usedin trench excovotions. 
Excavation6 of earth maferial to a lev14 
not greater than 2 feet (sl m) Mow the 
bottom of a rhieM sbali be pemzitted. 
but o&y if the shield fs designed to 
resist the forces calculated for the fu.lI 
depth of the trench, and there srs no 
indications wbila the trancb is open of a 
possible loss of soil from bebind or 
below the bottom of the thield 

ApptndkAtoSubpartP ‘. 
Soil Cfass~ication 

(a) Scope and oppiiidon--(l) Scope. This 
appandix dercriies a method of cIass@iog 
soil and rock dtparits based on site and 
environmental conditions. and on the 
rtrucfurt cad wmpo8ition of the earth 
deposits. The appendix contains dcfkitiocs. 
sets forth requirements, and desuibas 
acceptable visual and manua1 tests for use In 
classifying so&. 

(21 Appiiudon Thb appendix hpp:&ier 
when a sIooina or benchinn system is 

m&ad of protection for UDpIoyBcIfG 
cave-hu. Thir appandtx aha appfics when 
tkhts rhoring for excavotiot~ is desigucd ss 
a method of protection Erom cavttar in 
accordance &I appendix C to subpart P of 
part 1928. and when aIuminum hY&SdiC 
~horingisdas@edhrcco&ar&with 
appendix D. This Appendix sIso applies if 
0th~ protective ryrlema are deoi@ and 
selected for use from data prepared in _ 
6CCOFdOIlCC with lhe naubumeata set hth in 
IlQQQJ=2&).andthatiofthtbtats 
wadiUlPd on the w of th8 wil clerrificetioa 
iysrtm set forth in this appendix. 

(b) Dejhitiozm l-ha defbition, and 
exampLea givea below are based oa in whole 
or in part. the follouing Americaa society for 

Testlag Ynt&ab (ASiM) St8adarQI IX345 
and DU88; -l-ha Uatfied soils CIaaeifkatfaa 
Syrtera The us 
(USDA) TtxturaI ~gr~$;-~ 
The NeUoaaI Burma of Standarda Rapcat 
ass-l2l. 

cumtatudroiinuum awUlnwhkhtk6 
particlea em h&l ta+bu by a M 
a.geabsucha8cddumurbaoata8uchthata 
hand-rle tamp&? cannot be CNllhtd into 
pOW&?OridA!MIWfIpUUdtrbyfblg~ 
pr~NSU. 

Cohesive roil means cluy Ulna ndned 

cnimbIt. can k tx-iavated with vartial 
rideslopn and b pIastk when motst 
CohesivtwUishardtobraahogwhtndry, 
and exhibits s&@Sant cd~aaion w&n 
Nbmargad.Gahraiw~tndu&d8yey ritt 
randy clay. sfky day, day and ocqmbc day. 

DxywilmeaMukilthatdoesmtuMbit 
visit& signs of mobtura contmt. 

Fiuued means a lion nvlterid rht hr l 
tendency tn break abq dednltr $anaa af 
frhctwtwithuttbrwf-vramatusas 
that axhibits opco QIclul rncb aa tan&a 
cmck%trlhnaxpoad~ 

CmnalbrWillU~~*d~~dL 
(cauwgrainadwu)tithu~craad8y 
content. Ckamdu wtI haa no aohaaiw 
strtngth same moist granula? HI& s.x!at 
appartnt aatla GmalJer #aa CaQaot ba 
molded when moist ard crumbks uakiy 
when dry. 

liqwedsyu(emlxloanatwas~ 
~sunctIydiffafmtwarJrrocktypcr~ 
bllayaraI4caceousKsmror~ 
pl6lb3inlOCkOCdldt~COCWikd 
layered. 

Moirt#iIRH%D66CQaditi~iUWhkb6 
toiIbokssndfeeIsdanqMo&tc&akasofl 
caneMilybaahapedintoaWandroIkd 
into rmau dimntter thmda kfoce atunbb 
Moist lJraf.luIar roil t!mt IxAtafM wmo 
cohesive matehI will axhibit sfgr~ OS 
caheuianbttwetaputidea 

Plasii~meanaapropertOofaaoiIwhi& 
l uowrttm?.wiItok- amddtd 
wiulaut uadcing, a QPprtcbhlt voltane 
darrga 

SotuMtdeoiI meant arOilinWhick&e 
voids are RIIcd with water. Saturatioo &JU 
nat recpirt flaw. SahuaUan. a was 
raturatioa is naoesaary for the proper uaa of 
inrtnmantreucbuapacketpmctmmrtua 
rbetr vent. 

Soil cIa.wfic4Hion rye&m 5eanh for the 
DurDo8C0fthiI3MbDah~lnethcdOf 

andrypGC&deuM~&diGbiuty. 
Theutt@ouutdotermhdbauulaaan 
andysir ar the pmpatler and padanlmzua 

, characttrictics d tba deporita and tha 
envtrunmental conditions of exposure. 

Stable rode meana nahulJ BON &neral 
ma:tar that can ba txuvated wtth verthl 
sideuandrtmnbtafacSwhibexpawd. * 

Submerged roil awm uA wkb h ’ 
undarvvatu Q is free asap& 

TJp?AlDCMSWhtSiV0WibwlrbUB 
unconfiied axupwdve Urwglh d 15 tan 
per square foot (MI (144 LPI) or greater. 
Exumpleu at cchuiva wit am day, rircy 
clay. raady cIay. cIay baa and, b - 

carts. dty day lourn snd sandy dq loam. 
-8drNdluuHdnculdhudtxn 
arealroau&icredTypeh~,&aott 
I?nwAE 

(1) Tbr uau I# rlhsm&a 
(ii) The uail Is rabject to vibrati~rr froen 

hcaq troffk pifa drirlng, 01 rknilu efftc~ 
a 

liiij The wtY her been prwfauuly dfrturM 
or 

(iv)TheootlIrpurtoferloped.bryered 
ryotem where the layers clip hrta the 
excavatim an a dope af four hoitrontaI to 
oat vtefcd (4wtvj a graamlr; a 

Iv) The material is mbiact to other factors 

rihy day bam~and undy day baa 
1iulMoMrYdicturtKdrdiLaxcatitbfJba 

wl&h would otimvbh cLueed u-Type C 

U*)sdstbatm;ctrtheunarnrbI8d 
wmprssht rtrtqth acamtataf)Ol) 
mps&memfaTypehbdirfbmued’or 
Nbject to vikatian; or 

(vjDrym&tb8tbnotrtabka 
(vi)MatesMthafbpastaSahpe& 

laYered 8Yttum wham the Iavert dir, &to die 

the mat&al radd a&en& ba-daadfkj u 
nDaa 
-i)gocacarr*- 
filCk&sfvasofIwithmunuconfiacd 

w&e; is freelysecping: Qc 
[iv1 Submtr& rode that fs not stabfc or 
&~~fateripf-~ a siuped. layad 6ystem 

whm the layen dip into the txuwuan a 8 
elope of four horizonf.aI tu 0cL6 rerd4 
f4fiLJw OT  ,tttDtT. 

U.&nfmeddomp.~ssive s&zngCh means 
the load wr unit araa at wbi& a rail will fail 
in comprkon. It can be determined by 
labomto~ testing, or estimaltd in the teld 
using a p&et peaetromtttr. by thumb 
penetration tarts, and other mathods. 

Wef soil mtaou soil that ulntrirrr 
rignifiundy more moisture than moibt toiL 
but in such a range of vahms thal cahesiva 
mvtcrial wiII rhiag or ba@ to fIow when 
vibrate& Granular material t&at would 
exhibit cdmivt prop&its wbu: moist wiIl 
loot thote cohesive prqmtiu when wet 

(c) Reqairementr-(l) clmuificclLi0 of wii 
and rodr deposits. Esch soil and rock deposit 
*h&u be cbuified by h aamptteat.perwa u 
StableRc&TypehTypeELor~Cb 
accordPauuiththe&finiUooasatGorthin 
paragraph (b) of this appendix. 

(2) t3ais ofdoscificcrlian. The 
claosificatioa of tbe depcsh roll be made 
basadoatharesuItsdatkstow*inPIauci 
at lead an4 manual anal* +Jucb ambu- 



(z)hdkimdt#taMAmlelMAlyd8ofDou 
oanqb.eItamdnctbdtods(ennh 
quMtftaMw u mu u qnAlltlelw pmpertlee 
~md~pmvlw~~onMtion In 

(I) phdciry. Mold l mobt br wet umple 
cdIoufam1bauMdettempttomuIth(0 
~l%&~hdlillDBbr. 

8xmxddy m&ad 
tnto tkreub without cmmblhg. For example. 
urtbl~rhvotnch(5Qmm)bngthof%- 
fn& timed can be held on one end wttbout 
tearfrrg, the WU b cobash. 

(u)DIyrtnr~IftkomllbdryMd 
CmmbIu on fts own a wttll modemt@ 
prusumkbtolnditidullIprtaror5a 
powder, It b granu.lu (auy combtnation of 
graveLund.orrtlt).IftheroUbdyuadfalls 
lntocklmpawkickbra.lk~btoda 
dumpabutthesInlaadumpanonlyk 
bx&?lnup?rltfIdusculty.ItMy~clay&l 
My UmlbttmMal with gmvel ouda dlt. t f  
dledlywubreaksf.ntoclamprwkfckdollot 
bmkupkltoaMaciumpe6ndwk.t&an 
OatybebfOhlWUhdi!BXltg.MdtharsbnO 

vlsuallndicatton~ooUbfluwd.throoU 
may be coarldered - 

(uf) numhpu#htion Thr thnmb 
penetrltlontutcanbeueedtoutfmrbtbr 
unconfinedcoalprwdwltrsrtgthdcolledva 
~llr(Tbbtwtiebuedontbrthwnb 
penetrlMon tut desdbad h Amarfan 
SC&Q for Tslttn$ and Matedab (ASTM) 
stutdard~Mon-~tAndard 
Reco- PmcMca for DesuIpMm of 
souI (vi-d -L”)?LpsA. 
wib with m uncon6ned compmwive 
0tmngtJl0fLStrfcanbemadtlylndentedtl.y 
tkr thtlmk however, they an k punstrlt8d 
by the thumb only with vsy great effort 
Type c roll4 9&h M unconuned comprewivs 
&uIlgthofo4bfcanbeauUypenstnIted 
WVcrolklChWbgththumb.dUnbO 

molded by H&t w preuura Thb test 
&ouldbecoc&&donanundis~wU 
wnpia ruch u I krge clump of rpoU l 
won u praarcablr after excavation to keep 
tormImlnnmth.8cf.fectsofexpo8ureto 
drying-=- If  the uxcavath b Later 
expowd to rettiq blfluencur (mln flu 
the dauifiutfon of the IOU mud be chnged 
-=dWY* 

(Iv) othar rtmlgfh (erb lzdnlltu of 
UncQnfined annpmdvs rtmngtk of wus un 
&ob4obt&wdbyuwofrpocka 
punetroaweratJyudngrhalhi-operated 
ehcurmrta 

(v)DyLtplaaRkebaslcpurpowofthe 
dJ@g ted b to difrImntllte between 
cohuive material wrtk 5wuJwa unfbwmd 
uhudve mlt.elirt uxi grMulAr mAtafal. la0 
pcxxxdum for the dfytq test IWolvea drying 
l runptr of &I that b approximately ona 
inch thick (2s an] md eix Inches (1524 cm) 
in diameter until it b thori&ly ti 

[A) If  the wmple develops ancka u it 
dries rfgnffiaat fiwurw M indtclthd 

(B) sampler tklt dry wtthout cmcldng M 
to be broken byhand. If  anuldqmble force 1s 
nemray ta break 1 simple. title #ou hu 
dgnulan! cohe8tve mater&l coutent. ti 
mtlcnnbeddutifiedurunfbwed 
cohuive m¶t.er&l Md tile cmcon&ld 
compreutva ttreogth should be determined 

(C) I! e wmpta bnakkr euUy by hand tt 18, 
either 1 RMured cohesive nlltellsl or l 

granolu mntertd. Td dIsUn@sh between the 
two, pdveriw the dhd dumpr of the sunpka 
byhandoebyrteppingoalfKmUthedumpa 
do not pulverlza cady, tke meterld b 
coke8lve with BImres. If  they pulverin 
eufly inta very md hgmenta. the maletid 
I8 grMulu. 

Ap$e&xl3to9ubPaLiP 

Slopitqj and Benchktg 
(a) Stops urtd oppficakm Thor rppemh 

ccndina rpecffiaMow for J0pin.g uxl 
bena when uied BI methods of pmttctfng 
employ8u worklq tn exanMon8 fmm clve. 
inh Ihe rquhmenta of thla a peodix apply 
WblltitUd88igUOfdOp&g Jf=w 
pmtecMvr sw3rlu b to k wrfomed &I 

Maximam aIlowubfe dap meems the 
deepest badbe of an exavatfon few &a4 b 
acceptable fa the most fzvorabk dte 
CondfMow 18 protectfon agahut cave-& uxt 
~expremdutheretioofhdxfamti 
dia~l~~rMal rise (Hq. 

&ywursmwnsrptli;rdof 
Mmelewthanorqudto24houmthrtm 
exav4Mon b open 

(c) l&ip.hmertt8-(l) Soil cfoatificotfon 
SoUandmckdepodtsdxallkduifiedln 
aocodlnw WItit rppendlx A to Nbpart Pof 
WI= 

(2) Maximum al!owaMa dope. The 
maximum allowable slope for I roil or rock 
deporit #hall be determined Kuhn Tobfe B-I 
of tMllppendi% 

(3) ActuaJ dopa [i) The rctd dope rkd 
not be rteeper than the m&mum allowati 
dope. 

(it) The actual dope shall be less steep 
than the nwdmum 4Uow&b dopa when 
then ue tfgm of dbtresr If  that dtwM00 
ouxrstberlopedlallbecaItbacktom 
actual elope which I, at least H hortzoatal to 
one vgtfal (HHAV) leu rtnp than the 
maxfmum allowable rlopu 

[iii] When stschge hb born rtcred 
materiel or qdpment opmting quipment 
or hafik 4m pmwnt. 4 competent puum 
ahall detecaGne the degree to which th.e 
actual slops must be tedu& below * 
maximum allowable rlopa and shall uswe 
that ouch reduction b achIc&. Yuuchq3 
loado frvco adjacent etxucturw rhali h 
evalulted In rccordluce with f  1926.l%~il). 

(41 Conf&fmtionr coafisrnttom of 
~taphg end benchlq ryateuu rhatl be-& 
aoxdcnce with Flgum B-t. 



Simple Slope--short Tom 

2 Au benched excavation, 20 feet 01 leu In depth simlI hrvs a muimum~&woble dope of W to 1 and mu&mu beucb dimmloar II 
bUOW 

20’ Xax. 

simple B4mch 

6’ / / 
f 

/ 
/ 

0 

* d 

1 
/ 

5’ 0 
Yax. 0 8 3/k 

I 0 b 6’ &ax. / 

1’ 
, 

8. hl uccavatione 8 feet or lera h depth which kve unsupported vertkally dded lower portions rhaU have I maximum vertical ride of 
8% feet 
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,-.. 
- 

3’ Yax. 

I 

3:’ :!ax. 

1 

Umpported Vertically Sided Lower Portion-Maxixnurn 8 Feet in Depth 

AlI excavationa more than 8 feet but not more than 12 feet in depth which unsupported vertically rided lower portiona rhaU have a 
maximum allowable elope of 1:~ and a meximum vertical side of 3% feet. 

U~upportad VerticaJIy Sided Lower Portion-Mnximum 12 Feet in Depth 

AU excavationa 26 feet or leer in dep& which have vertically rided lower portionr that are supported or rbielded shall have a mPxlmum 
allowable rlope of %:I. The rupport or ahicld system must extend et feast 18 incher above the lop of the vertical aide. 

Total height of vertical side 

Sup&d or Shielded Vmtblly Sided Iawer Poctioa 
. . 

. 

i. AU other rimple tlopc. compund rlope. and vertically dded lower potion utcevationr #hall k &I accadake witi the othir option, 
permitted under f  I%xx~s?@). 

B-1.2 Exc.avation~ Made in Typa B Soil _- 

I. All iimple rlope cxcavetionr 20 feel or less in depth rheU have a maximum aUowable elope of 1% 



SunpIe Slope 

% AU benched cxcavationr 20 feet or lesr in depth ebaU have a maximum rllowable slope of i:i and maxfmrrm bend din~enaloru es 
roaowr 

sii Bencil 

This bench ~llwsd in cohesive soil only 

3. AU excavatiopr 30 feet or lere in depth which have vertically rided lower portions rhaU,be iMelded or supported to a hei&t at leait 18 
imber .above tbr top of fbe vmtic.el rids. Au such excavatione’rhall have a maximum alloweble elope of 1:~ 
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Support or shield system 

Total height of vertical side 

Vertir~Uy Sided Lower Portion 

4 AU other doped exawatiofu dm.U be In accafdanca with the other options permitted tn f  lfQ5.852&). 

El.3 Excavations Made In Type C SoU 
t AU rimple slope excavstionr 20 feet or lerr in depth shall have a maximum allowable slope of I%% 

simple slope 

t AU excavations 20 feet of less in depth which have vertically sided lower portions shall be shielded or supported to a height at least 18 
Inches above the tap of the vertical side. All such excavations shall have a maximum allowable slope of 154% 

SupDcrt or s)ietd system 

I 

20’ nax. 

IllI ]Tocrl hei@: of vertical Side 

Vertical Sided tower Portion 
3. All other doped excavations shall be in accor&nce with the other options permitted in i 1826.652(b). 

B-1.4 Excavations Made in Layered Soils 
1. All excavations 20 feet oc less la depth made tn layered soils shall have a maximum allowable tlope for each layer 88 set forth below. 
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A OVtiR % 

A OVER C 

B OVER C 

Z. AU other doped excavations rba~ be @ accordance with the other optionr Penny+ TV I 19%.6Wl. 

Appedix C to SubpPrt P 

Timber Shxi& for lbnchee 

(a) Scope. l%h appendix containa 
mformatlon that caa be wed Umber rhorIng 
pi provided u e method of pmtectioo from 
cave-Ins lu W2ochsS &al & no< exceed 20 

fe+t (al m) ln depth Thb appendix mwt k 
‘wed when design of ti+nber rhoring 
protective :yrtcm~ ir to be performed in 
accordance with f  1928.652(c)(1). Other 
Umber ahorinq configurations other eyet& 
of tupport ruch as hydraulic md paeumatic 
ryrtemc; aad &mr protectirr syW ruch 
ed rlop~ beocbing. Aield&. d m 

0yr1eals anut be de&led in accordance with 
therequiremeots~lforthia 5 19aWW 
md i =‘J-Wc). 

(b) Soil Ctasaifimtion & order to Use tk0 __ 

data presented ia this appendk the sail W 
or typea In which the exuration k made 
muat fimt be determined wing tbt roil 



,m. 
I 

da~~~tt~tt~n method set fo& in appendix A 
of subpart P of this part. 

Space 2x6 uprlghtr at five feet 
horizontally. 

(c) Presentation of Infofmotio~. 
Information ir presented In several forms 48 
follows: 

(1) Information is presented In tabular form 
in Tubles C-1.1. C-11 and tX.3. and Tables 
C-r& G22 and G23 following paragraph 
(g) of the appendix, Each table presents tbe 
mintmum i&r of tit&x members to use in 
a rhoring system, and each table conrains 
data only for the particular roil type in which 
the excavation oiportion of the ;&vatioo ir 
made. The data are arranged to allow the 
user the flexibility to select from among 
several acceptable confiiations of members 
based on va- the horizontal spacing of 
the crossbraces. Stnble rock ia exempt from 
rhorina requirements and therefore. no data 
are pgsenied for this condition- 

(Z) LoformatIon concerning the basis of tba 
tabular data and the limitations of the data is 
presented In paragraph (d) of this appendix. 
pad on the tables themselves. 

(3) Information explaining the use of the 
tabular data Is presented in paragraph (e) of 
tbia appendix. 

(4) lnfotiation illurtrating the use of the 
tabular data is presented in paragraph (f) of 
this appendix. 

(5) Mircellaneous notations regard@ 
Tables C-l.1 tluuugb Cl.3 and Tables GZ.1 
through G23 are presented in para(paph (8) 
of thir Appendix. 

(d) Basis and limitations of the data.-(l) 
Dimensions of timber members. (i) The rizer 
of the timber members listed In Tables Cl.1 
tbrouh Cl.3 are taken frum the National 1 
Bure& of Standards (NBS) report. 
“Recommended Technical Pmvisions for 
Construction Practice in Shoring and Sloping 
of Trencher and Ekavations.” ln additioa 
where NBS did not recommend specific sizes 
of membera. member sizes are based on an 
analysis of the sizes required for use by 
existinn codes end on empirical practice. 

(ii) fie required dimensions oi the 
members listed In Tables Cl.1 throuah Cl.3 
refer to actual dimensions and not &mine1 
dimensions of the timber. Employers wantim 
to use nominal size shoring a& directed to - 
Tabler G2.1 through GL3. or have this 
choice under i 1928.652(c)(3). and are 
referred to The Corps of Engineers. The 
Bureau of Reclamation or data from other 
acceptable sources. 

(2) Limitation of application. (i) It is not 
Intended that the timber rhoring specification 
apply to every rituation that may be 
experienced in the field. These data were 
developed to apply to the situations that are 
most commonly experienced in wrrnt 
trenching practice. Shoring systems for use in 
rituationa that are not covered by the data in 
this appendix must be designed .& specified 
in f  1928.652(c) 

(ii) When any of the following conditions 
are present. the members specified in the 
tabler are not considered adequate. Either an 
alternate tjmber shoring system must be . 
designed or another type of protective rystem 

f-l designed in accordan& with 4 1926.852- 
(Al When loads imposed by rtructures or 

by- stbred material adjacent ta the trench 
weigh in excess of the load imposed by a 
two-foot soil surcharge. The term “adjacent” 

as used here means the area within a 
horizontal distance from the edge of the 
trench equal to the depth of the trench. 

(B) When vertical loads imposed on cross 
braces exceed a UO-pound gravity load 
distributed on a one-foot sectlqn of the center 
of the crossbrace. 

(C) When surcharge loads are present frum 
equipment weighing in excels of 20.000 
pounds. 

(D) When only the lower portion of a 
trench is shored and the remaining portion of 
the trench ir sloped or benched unless: The 
sloped portion 11 sloped at an angle less steep 
than three horizontal to one vertical: or the 
members are selected from the tabler for use 
at a depth which is determined loom the top 
of the overall trench and not from the toe of 
the sloped portior~ 

fel Use of Tables. The memben of the 
&ring rysiem that are to be selected usin 
this Information are the cros8 braces. the 
uprights. and the wales. when wales are 
required. Minimum rlzes of memben are 
specified for use in different types of ML 
Them are six tables of infonnatloh two for 
each soil type. The soil type must first be 
determined in accordance with the roil 
classification system described in appendix 
A to subpart P of part 1926. Using the 
appropriate table. the selection of the rize 
and spacing of the members is then made. 
The selection is based on the depth and 
width of the trench where the members are lo 
be installed and in most inrtancer, the 
selection is also based on tbe horizontal 
spacing of the crossbraces. Instances wbera a 
choice of horizontal spacing of crossbracing 
is available, the horizontal spacing of the 
crossbraces murt be chosen bv the user 
befgre the size of any membeican be 
determined When the soil me. the width 
and depth of the trench and ihe horizontal 
spacing of the crossbraces are known. the 
size and vertical spacing of the crossbraces. 
the size and vertical spacing of the waler. 
and the size and horizontal apacing of the 
uprights can be read from the appropriate 
table. 

(fj Examples to Ihstmte the Use of Tables 
c-1.1 thmugh Cf.3. 

(1) Example I. 
A trench dug in Type A soil is 13 feet deep 

and five feet wide. 
From Tab/e C-I.& for acceptable 

arrangements of timber can be used. 

Arrangement *I 
Space I XI crossbraces at six feet 

horizontally and four feet vertically. 
Wales are not reauired. 
Space 3 x8 upriglke at six feet horizontally. 

This arrannement is commonly called “skip 
shoring.” - 

Armngement ~2 

Space 4 x6 crossbraces at eight feet 
horizontally and four feet vertically. 

Space 8x8 wales at four feet.vertically. 
’ Space 2x6 uprights at four feet 

horizontally. 

Armngement =3 . 
Space 6x6 croesbraces at 10 feet 

horizontally and four feet vertically. 
Space 6 x 10 wales at four feet vertically. 

Arrungement * 

Space 6X6 croasbtacer et 12 feet 
horizontally and four feet vertiullly. 

Space 10x10 wales at four feet verfically. 
Spaces 3x6 uprights at six feet 

horizontally. 
(2) fiomple 2 
A trench dug in Type B *oil in 13 feet deep 

and five feet wide. From Table Gl.2 three 
acceptable arrangements of members are 
Ii&d. 

Armngement W. 
Space 6x6 crossbraces at six feet 

horizontally and five feet verticelly. 
Space 8x8 waler at Five feet ire&ally. 
Space 2x6 uprights at two feet 

horizontally. 

Arrangement #2 

Space 6x8 crossbraces at ciglht feet 
horizontallv and five feet vet-tic&. 

Space lo’xl0 wales at five feet ;ertically. 
Space 2x6 uprights at two fec!t 

horizontally. 

Arrangement *3 

Space 6x6 crossbraces at 10 lfeet 
horizontally and five feet vertically. 

Space 10x12 wale* at five feet vertically. 
Space 2x6 uprights at two feet vertically. 
(3) Example 2. 
A trench dug in Tvpe C soil is 13 feet deep 

and five feet wide. 
From Table GlJ two acceptable 

arrangements of memben can be used. 

Armngement *I 

Space 8x8 crossbraces at six feet 
horizontally and five feet vertically. 

Space 10x12 wales at five feet vertically. 
Position 2x6 uprights as closely together 

as possible. 
If  water must be retained use special 

tongue and groove uprights to form tight 
sheeting. 

Armngement =2 
Space 8x10 crossbraces at eiight feet 

horizontally end five feet vertically. 
Space 12x12 wales at five feet vertically. 
Position 2x6 uprights in a close sheeting 

configuration unlers water pressure must be 
resisled. Tight sheeting must be used when 
water must be retained. 

(a] Example 4. 
A tre&h dun in Tvoe C soil is 20 feet deep 

and 11 feet wiie. T& rize and spacing of - 
members for the section of trench that is over 
IS feet in depth is determined wing Table C- 
1.3. Only one arrangement of members is 
provided. 

Space 6x 10 crossbraces at six feet 
horizonlally and five feet vertically. 

Space 12x12 wales at five feet vertically. 
Use 3x6 tight sheeting. 
Use of Tables C-21 through G2.3 would 

follow the same procedures. 
(g) Nofes for o/l Tables. 
1. Member sizes at spacings other than 

indicated are to be determined as specified in 
3 191&652(c). “Design of Protective Systems.” 
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2 When conditlona am 8aturated or 
rubmerged use Tight Sheeting. Tight Sheeting 
refers to the use of apeciaUy+fA timber 
planlcs (e.g.. tongue and mve) at least thm 
inches thick. rteel rheet ptllng. or #icollar 
~omfm~tioo that when Mvea or placed la 
position provide a t&M wall to nriat the 
lateral presrum of water and to prevent the 
losr of backfill material. Close Sheeting mien 
to the placement of planks ride-by-side 
allowing aa little rpac-e ar possible between 

3. AU spacing indicated is measured center 
to center. 
’ 4. Wales to be LutelIed with greeter 
dimension horizontal 

3. U the vertkal distance from the canter of 
the lowert crorrbraca to the bottom of the 
trench exceedr two and one-half feet. 
uprighta rhall be firmly embedded or a 
mudsill &all be used. Where’uprights am 
embedded the vertical distance from the 
center of the lowert crosobrace to the bottom 
of the trench rhall not exceed 38 lnchea. 

shall not exceed C? incher. Mudsilt are 
waler that are installed at the toe of the 
trench aide. 

-_ 

6. Trench lack1 may be uwd in lieu of or in 
combination with timber cxorrbracer 

7. Placement d crorrbraces. When the 
vertical #pacing of croobracer ir four feet, 
place the top crossbrace nc more &an two 
feet below the top of the trench. When the 
vertical *pacing of crowbrace, or five feet. 

lace the top ctorsbraca no more than 23 feet 
& low the top of the trench. 

them. When mudrills are used the vertical distanca Blulw cooe Ulo-a-a 

c 



DEPTH 
OF 

rRENCH 
:FEET) 

5. 

TO 

1 n 

10. 

TO 
. 

15 

15 

TO 

20 * 

-.6iz- 
20 

TIMBER TRENCH SHORING -- MINIMUM TIMBER REQUIREMENTS * 

SOIL TYPE A Pa - 25 X H + 72 psf (2 ft Surcharge) 

HORIZ. 
SPACING 
(FEET) 

UP TO 

-iF%-- 
8 

UP TO 

* 
12 

UP TO 
6 

UP TO 
8 

UP TO 
10 

UP TO 

12 
UP TO 

6 
UP TO 

UP TO 

ii%-- 
12 

ilP Tn UP TO UP 1 1 

SEE NOTE 1 

6X6 ] 6X6 ] 4 

6X6 6X6 4 

6X8 6X8 4 
I 

6X8 6X8 4 s 6X8 6X8 4 

6X8 6X8 4 

2x8 8X10 4 

8X8 8x1'0 4 

8 4 2X6 

8X8 4 2X6 

Not 
Rea'd --- 3XB 

AvlO 4 3X6 

10x10 . 4 

* Mixed oait or equivalent with a bending strength not ierr than 8% psi. 
l * Manufactured members of equlvalent strength may by substituted for wood. 



‘- TABLE C-l, 2 

TIMBER TRENCH SHORING -- MINIMUM TIMBER REQUIREMENTS * 

SOIL TYPE B P -4SXH t 
n 

72 psf (2 ft. Surcharge) 

- 
- 

< 
DEPTH , - 

OF CROSS MACES UPRIGHTS 
TREKCH HORIZ. WlDTJj OF TRENCH (FEET) VERT. 
(FECT) SP*CINC %’ 1’6 UP TO UP TO UP TO UP TO SPACING SIZE Si$%C 

MAXIMUM ALLOWABLE HORIZONTAL SPACING 

(FEET) t 
(FEET) 

6 9 12 15 (FEET) (IN9 
I 

.(FEET) CLOSE 2 3 
UP TO 

5 6 4X6 4X6 6X6 6X6 6X6 5 6X8 5 2X6 .r 

UP TO 
TO . 8 6X6 6X6 6X6 6X8 6X8. 5 8x10 5 2X6 

UP TO 
IO 10 6X6 6X6 6X6 6X8 6X8 .’ 5 10x10 5 2X6 

see 
O[ (, 

UP TO 
10 b 6X6 6X6 6X6 6X8 6X8 5 8X8 5 2X6 

UP TO 
TO 

15 

15 

TO 

20 

8 , 6X8 6X8 OX8 8X8 8x8: 5 10x10 5 2X6 

UP TO 

SCC . 
Note 1 

UP TO 
6 6x8 6X8 6X8 8X8 8X8 5 8x10 S 3X6 

UP TO 
8 8X8 8X8 8X8 3x8 8X10, 5 10x12 5 3X6 

UP TO 
10 8X10 8X10 8X10 8X10 10X10 5 12x12 5 3X6 

see 
Note I 

SEE NOTE I 

* Mixed oak or cqulvalent with n bending strength not less than 850 psi. 
** Manufactured members of equivalent strength may by substituted for wood. 



DEPTt 
.OF 

TRENCk 
(FEET) 

5 

TO 

IO’ 

‘10 

TO 

15 

15 

TO 

20 

)VER 
20 

I _ 

I 
/ 

. 

TAELC C- 1.3 

TIMBER TRENCH SHORING -- MINIMUM TIMBER REQUIREMENTS * 

SOIL TYPE C Pa - 80 X H + 72 psf (2 ft. Surcharge) 

HORIZ. 
SPACING 

(FEET) 

UP TO 

6 
Ul’ TO 

8 

“‘IO’“’ 

See 
Note I 

lJy 6To 

UP TO 
8 

See 
Note 1 

See 
Note 1 

UP TO 
6 

See 
1 

See 
Note 1 
See 
Note 1 

bL3 urnlcmh3 
H (FEET) 

VERT. 
MAXIM,‘” k,,,-,,,..B, 0 l,A\nt.%,-..rm 

UP TO UP TO SPACING SIZE S!:&C 
12 15 (FEET) (IN.) (FEET) CLOSE 

8X8 8X8 5 8X10’ 5 2X6 

IL-J JU.LAJWADLC JlUKlfAJN J’At EPACINC , 
(FEET) (See Note 2) . I 

SEE NOTE 1 

8x10 8X10 8X10 

8X8 .8X10 5 10x12 5 2X6 

8x10 lOi10 5 12x12 s 2X6 

1 8X8 1 8x10 1 5 1 10x12 1 5 1 2X6 I I I I i I I I I I I 
8X10 10X10 5 12x12 5 2X6 

8X10 10X10 5 3X6 

* Mixed Oak or equivalent with a bending strength not less than 850 psi. _ _ _ a 
** Manufactured members of equivalent strength may be substltuted ror wood. 



TABLE C-2.1 

TIMBER TRENCH SHORING -- MINIMUM TIMBER REQUIREMENTS * 
SOIL TYPE A P a - 25 X H t 72 psf (2 *ft. Surc'harge) 

rRENCH 1 HORIZ. 
OF CROSS BRACES 

UP TO 
i 6 .I= UP TO 

TO' 8 
UP TO 

m UP TO UP TO UP TC 
VERT. MAXIMUM ALLOWABLE HORIZONTAL SPACING 

) UP TO UP TO SPACING SIZE SPACING s 

-r l2 15 (FEET) * m ,(-LOSE 1 4 15 16 8 . 

UPRIGHTS 

(FEET) 

P TO F 6 
15 

4x4 4x4 4x4 

4x4 4x4 4x4 

4X6 4X6 4X6 

4X6 4X6 4X6 

4x4 4x4 4x4 

4X6 4X6 4X6 

6X6 6X6 6X6 

6X6 6X6 6X6 

Not 
4x4 4X6 4 Req'd 

4X6 4X6 4 Not Req d 

2;; 

I 

3X8 1 4 1 1 1 4X6 t 6X6 6X6 4 l 

6X6 6X6 4 8X8 4 4X6 

6X6 6X6 4 Not Req d Not Req d 4x10 

6X6 6X6 4 6X8 4 4X6 

6X6 6X6 4 8X8 4 4X8 ' 

6X6 6X6 4 8x10 4 4X6 4x10 

6X6 6X6 4 6X8 4 3X6 

6X6 6X6 4 8X8 4 3X6 4X12 

6X6 6X8 4 8X10 4 3X6 

6X8 6X8 4 8X12 4 3X6 4X12 

OVER 
3n I SEE NOTE 1 

4X8 

I 
* Douglas fir or equivalent with a bendfng strength not less than 1500 psi. 

.** Manufactured members of equivalent strength may be substituted for wood. 



- 

‘ TABLE C-2.2 

TIMBER TRENCH SHORING -- MINIMUM TIMBER REQUIREMENTS * 

SOIL TYPE B P - 45 X H + 72 pef (2 ft. Surcharge) 
a 

SC OF MEMBERS ** 
I UP- 

VERT. 1 ~IMU'tl ALLOWABLE HORIZONTAL SPACINC 

DEPTH 
OF 

TRENCH 
(FEET) 

j FEET: 
UP TO 

12 

Wl,DTH OF TRENCI 
UP TO UP TO UP Tc 

4 I I 6 9 

H 
D 

L 

jiORf2. 
SPAC INC 
(FEET) 

UP TO 
6 

UP TO 
a 

UP TO 
10 

See 
Note 1 

UP TO 
6 

UP TO 
a 

UP TO 
10 

See 
Note 1 
UP TO 

6 

UP TO 
a 

UP TO 
10 

See 
Note 1 

SfZE SPACING, (FEET) 
(INI (Pm CLOSE 2 3 4 6 

6X8 5 
3X12 

,4X8 4X12 5 

TO 

LO 

-+=A=- 6X6 

ix6 

6X6 

4X6 1 4X6 16x6 axa 5 1 3x8 
f 

4xa 

4x6 4x6 6X6 

6X6 6X6 6X6 

6x8 6X8 6X8 

6X8 6X8 8x8 

8X10 5 4x8 

8x8 1 5 1 3X6 1 4X10 1 I I I I I I 
6X8 

8X8 

8X8 

10 

TO 

.I5 

8x8 5 

=t= 

8x8 5 

axa 5 =I= axa '5 

6x8 8x10 1 5 1 4X6 1 I I I 
I I i I 

6x8 6X8 6XS 

6X8 6X8 6X8 

axa 8x8 8X8 

15 

TO 

20 

OVER 
.20 

axa 10X12 I 5 I 4X6 I 

12x12 5 4X6 8X8 

SEE NOTE 1 I 
* Douglas fir or equivalent with a bending strength not less than 1500 psi. _ a 

** Manufactured members of equivalent strength may be substituted for wood. 



.-.. ,--.._ 
- --al6 

DEPTH 

OF 

rRENCH 
(FEET) 

5 

TO 

10 

10 

TO 

15 

15 

TO 

20 

OVER 
20 

TABLE C-2.3 

TIMBER TRENCH SHORING -- MINIMUM TIMBER REQUIREMENTS * 

SOIL TYPE C Pa 9 86 X H + 72 psf (2 ft. Surcharge) 

** 

UPRIGHTS 

VERT. MAXIMUM ALLOWABLE HORIZONTAL SPACING * 

SIZE SPACING, (FEET) 

IjP TO 
6. 6X8 6X8 6X8 

UP TO 
8 8X8 8X8 8X8 

sze 1 

; 

SEE NOTE 1 

UP TO UP TO SPACING 
12 15 (FEm 

6X6 8X8 5 

8X8 8X8 5 

8X8 8X8 5 

8X8 8X8 5 

8X8 8X8 5 

8X10 8X10 5 

8X8 8X8 5 5 3X6 3X6 

lox10 lox10 5 5 3X6 3X6 

10x12 10x12 5 5 3X6 3X6 

10x10 10x10 5 5 4X6 4X6 

12x12 12x12 5 5 4X6 4X6 

* Douglas fir or equivalent with a bending strength not leas than 1500 psi. 
.** Manufactured members of equivalent etrength may bd subatltuted for wood. 
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~p~endk D to Subpart P 

Ah.h;i;sn ffydmulic Shonjls for 

(a) scope- This appendix caatains 
infomatian that ten be used when aluminum 
hvclraulic ~horinn ir orovid& rcI a method of 
pkction again2 c&-b in trenches that 
do not exceed 2~ feet (Slml in depth. ‘Ihis 
appendix mwt be usch when design of the 
aluminum hydraulic protective system cannot 
be performed in accordance with 
f  1Q2assz(cM2). 

(b) soil C~assificoriort. In order to use data 
msented in thir appendkc, the soil type or 
iupcs in which tbeyxcavation Is mademust 
first be determined u6ina the roll 
dassificatioa method let forth in appendix A 
of6ubpartPofpart1Q2a 

[c) Presentat&n of Xnfoimatian. 
Information is presented in several forms as 
followr 

(I) Infomation ir presented in tabular form 
In Tables D-M. D-12 D-13 and E-2.4. Each 
table presents the maximum vertical and 
horizontal spacings that may be used w&b 
va14cau alum&um member &es and various 

. hydraulic cylinder sizes. Each table contalna 
data only for tba particuhr soil type in which 
the excavation or portion of the excavation 18 
made. Tablaa D-t.3 and D-12 M for vertical 
ahom In l%nea A and B soil. Tables CM.3 
and tn.4 r;for horizontal waler systems In 
TvnesBandCsoU. 

-(2) hformatton concemlng the basis of the 
tabular data and tbe limitations of the data is 

, prerented in paragraph (d) of this appendix 
(3) Information explaining the ure of the 

tabular data is preaanted in paragraph (e) of 
this appendix. 

(4) Information illustrating the use of the 
tabular data Is presented In paragraph (f) of 
tis appendix. 

(5) hfi6c6Uaneous notationa (footnotes] 
regarding Table D-1.1 through D-1.4 are 
presented In paragraph Jg) of this appendix 

(6) Fii illustrating typical ln6tallation6 
of hydraulic shoriruz. are included iust prior to 
the Tables. The &tration6 page is entitled 
“Aluminum Hydraulic Shorinn. Typical 
lnstallationa.‘; 

- -_ 

(d) Basis and iimitalions of the data. 
t (1) Vertical shore rails and horizontal 

wales are those that meet the Section 
Modulus requirement6 in the D-1 Tables. 
Aluminum materiel is 606%T8 or material of 
equivalent strength and properties. 

-(2) Hydraulic r?ylinde& s&ziflcations. (i) 2- 
Inch cylinder6 shall be a minimum 2.inch 
inside diameter with a minimum safe working 
capacity of no le6a than lS,aX, pound.6 axial 
compressive load at maximum extension. 
Maximum extension is to Include full range of 
cylinder extensions as recommended by 
product manufaturer. 

(ii] 3.inch cylinder6 shall be a minimum 3 
inch inside diameter with a safe working 
capacity of not leas than 3O.OtY3 pounds axial 
compressive load at extensions as 
recommended by product manufacturer.. 

(31 Limitation of applicalion. 
(il It is not intended that the aluminum 

ppz hydraulic specification apply to every 
: : rituation t&at may be exp&&nced in-the 

field. These data were developed to apply IO 
the situalions that are most commonly 

experienced in current trenching practice. 
Shoring systemr for use in situations that are 
not covered by the data in this appendix muat 
be otherwise designed as specified in 
I 1928.6s2(c). 

(ii] When any of the following conditions 
arc pre6ant. the members specified in the 
Tables are not considered adequate. In this 
case, an alternative aluminum hydraulic 
shoring system or other type of protective 
system must be designed in accordance with 
i lQz6.6!52. 

(A) Wben vertical loads imposed on cnxa 
braces exceed a 100 pound gravity load 
distributed on a one foot section of the center 
of the hydraulic cylinder. 

(B) When surcharge loads are present from 
equipment weighing in CXCe66 of 2O.CUl 
pounds. 

ICI When only the lower wrtion or a 
trench is shoredand the remaining portion of 
the trench ir sloped or benched unless: 7be 
sloped portloo ii sloped at an angle lea6 rteep 
than three horizontal to one vertical; or the 
member6 are selected from the tables for uaa 
at a depth which is determined from the top 
of the overall trench and not from the toe of 
the sloped portion. 

fel Woe of Tables D-1.1.11-11 &k? and 
D-k?. Tbememben of thi rho&g systam 
that an to be relacted uring thir information 
are the hydraulic cylinders, and either tba 
vertical shares or the horizafal wales. when 
a waler system la used the vetid timber 
sheeting to be used is also selacted from 
thew tablea. The Tables D-l.1 and II-12 for 
vertical shores are usad in Type A and B wilr 
that do not require sheeting. Type B soils that 
may require she&rut. and Tvne C SOUS that 
alwayr-require she&g areibund in the 
horizontal wale Tables D-13 and D-1.4. The 
roil tvpe must fht be determined in 
accordance with the soil classification 
system dercribed In appendix A to subpart P 
of part 1926. Using the appropriate table. the 
selection of the size and spacing of the 
members is made. The selection is based on 
the depth and width of the trench where the 
members are to be installed. In these tables 
the vertical spacing is held constant at four 
feet on center. The tables show the maximum 
horizontal spacing of cylinder6 allowed for 
each size of wale in the waler system tables. 
and in the vertical shore tables. the hydraulic 
cylinder horizontal spacing is the same as the 
vertical shore spacing. 

(f) Example to lllustmte the Use of the 
Tables 

(I) Example 1: 
A trench dug in Type A soil is 0 feet deep 

and 3 feet wide. From Table D-1.1: Fiid 
vertical shore.6 and 2 inch diameter cylinders 
spaced 8 feet on center (o.c.) horizontally and 
4 feet on center (0.c.) vertically. (gee Fir 
1 & 3 for typical in6tallation6.) 

(21 Example 2: 
A trench is dug in Type B soil that does not 

require sheeting. 13 feet deep and 5 feet wide. 
From Table D-1.2: Fiid vertical shores and 2 
inch diameter cylinder6 spaced 6.S feet o.c 
horizontallv and 4 feet O.C vertically. ISee 
Figures 1 &-3 for typical installations.)- 

(3) A trench ir dug in Type B soil tbat does 
not require sheeting but &es experience 
some minor raveling of the tt-znch face. The 
trench is 16 feet deep and 9 feet wide. From 

Table D-l.2 Find vertical shores and 2 inch 
diameter cylinder (with special oversleeves 
as designalecl by footnote *2) spaced 5.5 feet 
o.c horizontally and 4 feet O.C. verticallv. 
pl j~ood (per f&note l@(7) lo the D-1 Table) 
should be used behind the shores. (set 
Figures 2 6 3 for typical inslallatious.) 

(0 Example 4: A trench is dua in oreviouslv 
disturbed Type B soil. with cha~ct&istics o{ 
a Type C soil. and will reauire sheetinn. The 
tin& is 18 feet deep andi feet wide:3 foot 
horizontal spacing between cylinder6 is 
desired for working space. From Table D-1.3~ 
F;nd horizontal wale with a section modulus 
of 14.0 spaced at 4 feet o.c vertically and 3 
inch diameter cylinder spaced at Q feet 
maximum OX. horizontally. 3x12! timber 

‘shseting is required at close spacing 
vertically. (See Fii 4 for ty-piclal 
iwtallatioa) 

(5) Example 5: A trench Is dug in Type C 
soil. Q feet deep and 4 feet wide. Horizontal 
cylinder spacing In excess of 6 feet la desired 
for working space. Prom Table D-M Find 
horizontal wale with a bection modulus of 7Jl 
and 2 inch diameter cylinden spaced rt 6S 
feet oc horIzontally. Or, And bouizontal wale 
with a 14.0 section mcduhu and 3 Inch 
diameter cylinder spaced at 10 feet o& 
horizontally. Both wdea are spaced 4 fcst a 
vatically. 3 x 12 Umber sheeting is required 
a1 dose spacing vertically. (See Plgu~ 4 for 
typical ln6tallatlon) 

(s) Faa&afes, andgene& notes. for Tables 
n-1.1. O-12. D-1.t afxi D-1.4. 

(11 For applicationa other than those listed 
in the table; refer to f 1928.6%&)(2) for use 
of manufacturerls tabulated data. For trench 
depths in excess of 20 feet. refer to 
f  192&852(c)(2) and 0 192&852(c)(3). 

(2) 2 inch diameter cyllnden. at this width, 
shall have structural steel tube 
[3.Sx 3.5 x0.13751 overateeves. or rtnmtural 
bveraleev.es of mrinufacturer’s specUic.atlo~ 
extending the full. collapsed length. 

(3) Hydraulic cylinders capacities. (i) 2 inch 
cyiinden shall be a minimum 2-inch Inside 
&meter with B safe working capacity of not 
lers than l&o00 pounds axial compressive 
lcsd at maximum extension. Maximum 
ex:ension is to include full range of cylinder 
ex:ensions as recommended by product 
r,sxfacturer. 

iii] j-inch cylinders ahall be a minimum 3- 

inch inside diameter with a safe work 
capacity of not less than ~MNX pounds axial 
ccmpreseive load at maximum extension. 
httimwn extension is to include full range of 
c) iinder extensions as recommended by 
pKduct manufacturer. 

Ii] All spacing indicated is measured 
cezrer to center. 

!S) Vertical shoring rail6 shall have a 
mAmum rection modulus of 0.40 inch. 

(61 Wben vertical shores are used, there . 
m:st be a minimum of three shores spaced 
equally. horizontally, in a group 

(71 Plywood shall be 1.1~~ in thick 
605vood or 0.75 inch. thick. 14 ply. antic 
H kite birch (Finland form]. Please note that 
plywood is not intended as a structural 
member. but only for prevention of local 
rakeling (sloughing of the trench face) 
beween shores. 
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(81 !h appendix C for timber 
SpedflVlUOnr. 

19) Wale8 an calculated For rtmpk apan 

cotldiaona. 
(IO) See appendix D, Itom (dL for bash and 

limi!ationa of the data. 
WUJW coot UIO-Icy . 

l 

. 
-. 



- . ALUMINUM HYDRAULIC SHORING 

TYPICAL tNSTALLATlONS 

FIGURE NO. 2 
vEn+ruLu- 
moMlmc snwua 

FIGURE NO. 1 

IOulfOYtAL SPACIYG A 

VEll ICAL 
-__a.-- f 

FfGURE NO. 4 
FIGURE NO. 3 
WRTSU ALUWU 
hVDuti OMW-0 

(STAUCEOI 

w VERTICAL RAIL 

llYD1AUCIC 
CYLIIDER 

VER 
SPA . 



TABLED - I.1 
ALUMINUM HYDRAULIC SHORINO 

VERTICAL SHORES 
FOR SOIL TYPE A 

DEPTH 
OF 

TRENCI 4 

(FEET) 

s OVER 
5 

WPTO 
10 

MAXIMUM 
HORIZONTAL 

SPACING 

(FEET) 

8 

HYDRAULIC CYLINDERS 

WIDTH OF TRENCH (FEET) 
MAXIMUM 
VERTICAL 
SPACING UPTO OVER 8 UP OVER 12 UP 

TO 12 TO 15 

(FEET) 

. OVER 
10 

UPTO 
15 

OVER 
15 

UPTO 
20 

8 4 2 INCH 2 INCH 3 INCH 
DIAMETER DIAMETER DIAMETER 

NOTE (2) 

. 
7 

OVER 20 NOTE (I) 

Footnotes IO tables, and general notes on hydraulic shoring,’ are found in Appendix D, Item (g) 
Note (I): See Appendix D, Item (g) ( 1) 
i*lote (2): See Appendix D, Item (g) (2) 
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TABLED - 1.2 
ALUMINUM HYDRAULIC SHORING . 

VERTICAL SHORES 
l FOR SOIL TYPE B 

LI -_ 

HYDRAULIC CYLINDERS 

DEPTH 
OF 

TRENCH 

(FEEn 

OVER 
S 

UPTO 
10 

MAXIMUM 
HORIZONTAL 

SPACING 

(FEET) 

8 

MAXIMUM 
VERTICAL 
SPACING 

(RET) 

WIDTH OF TRENCH (FEET) ’ 
I 

UPTO OVER 8 UP OVER 12 UP 
TO i2 TO 15 

OVER 
10 

. UPTO 
15 

OVER 
15 

‘UP TO 
20 

6.5 4 2 INCH 2 INCH ’ 3 INCH 
DIAMETER DIAMETER DIAMETER 

NOTE (2) 

5.5 

OVER 20 NOTE (1) 

Footnotes to tables, and general notes on hydraulic shoring, arc found in Appendix D, Item (g) 
Note (1): See Appendix D, Item (g) (1) 
Nirtc (2): See A -run&~ n Item lo\ (31 

#yr..usn Y, l . - . . .  \ o ,  \ - ,  
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TABLE D - 1.3 
ALUMINUM HYDRAULIC SHORING 

WALER SYSTEMS 
FOR SOIL TYPE B 4 

I WALES 

IERTICAL 
SPACING 

+ . 

HYDRAULIC CYLINDERS 

WIDTH OF TRENCH (FEET) 
1 

TIMBER UPRIGHTS 
MAX.HORIZ.SPAClNC 

(ON CENlE RI’ 

I SECTION 
MODULUS UPTO OVER 8 UPTO 12 OVER 12 UPTOl5 an 

(IN’) 
HOfW. CYLINDER HORIZ. CYLINDER HORIZ CYLINDER sHEE 

SF’ACING DIAMETER SPACING DIAMETER SPACING DIAMFZR 

2FT. 

(FEET) 

DEMW 
OF 

+RENCI 

3.5 8.0 2 IN 
2 IN 

8.0 NOTE(Z) 8-o 3 IN 
2 IN 

I 

‘F=-- 
.OVER 

5 
UPTO 

10 

4 3x12 7.0 9.0 2 IN 9.0 NOTE(2) 9.0 31N - 

14.0 12.0 3 IN 12.0 3 IN 12.0 3 IN 

I 3.5. 6.0 I I 2 IN I 6.0 
2 IN I ~~- I NOTE~2~ 6.0 1 ~---r- 3 IN 

OVER 
10 

UPTO 
15 

4 1 7.0 1 8.0 1 31N 1 8.0 1 31N 1 8.0 1 31N I- 
3x12 

I 14.0 I 10.0 I 3 IN I 10.0 I 3IN I 10.0 I 3 IN I 

I 3.5 I 5.5 I 2 IN I I 2 IN 
5.5 NO’IE(21 I 

. 
5.5 I 3 IN I OVER 

15 
UPTO 

20 

4 I 7.0 I 6.0 I 3 IN I ~~ I- -~ 6.0 3 1N I 6.0 I ‘3IN I 3x12 

I 14.0 I 9.0 I 3 IN I 9.0 I 3 IN 9.0 I I 3 1N I 
r OVER 20 NOTE (1)’ 

Footnotes to tables, and general notes on hydraulic shoring, are found in Appendix D, Item (g) 
Notes (1): See Appendix D, item (g) (1) 
Notes (2): See Appendix D, Item (g) (2) 
* Consult product manufacturer and/or qualified engineer for Section Modulus of available wales. 



TABLED - 1.4 
ALUMINUM HYDRAULIC SHORING 

WALER SYSTEMS 
FOR SOIL TYPE (2% 

DEPTH 
OF 

TRENCH 

(FEET) 

WALES HYDRAULIC CYLINDERS TIMBER UF’RIGHTS 

WIDTH OFTRENCH (FEET) ,MAX.HORIZ SPACtNG 

* - (ON CEN’ER) 
I 

VERTICAL SECTION 
SPACING MODULUS UPTO OVERSUPT012 OVERl2UPTOl5 Sam 2~. 3m 

HORIZ. CYLINDER HORIZ. CYLINDER HORZ. CYLINDER = 
(FEET) (IN’) SPACING DlAMETER SPACING DIAMETER SPACING DIAtvEER 

’ OVER \ 3.5 6.0 
2 IN 2 IN 

6.0 NOTE(Z) 6-o 3 IN 
. 5 4 2 IN 

UPTO 7.0 6.5 2 IN 6.5 NOTE(Z) 6.5 3 IN 3x12 - - 

10 14.0 10.0 3 IN 10.0 3 IN 10.0 3 IN 

4.0 2 IN 
2 IN 

OVER 3.5 4.0 NOTE(2) 4.0 3 IN 

IO 4 
7.0 5.5 3 1N 5.5 3 IN 5.5 3 IN 

3x12 - - 
UPTO 

15 14.0 8.0 3 IN 8.0 3 IN 8.0 3 IN 

OVER 3.5 3.5 2 IN 
21N 

3.5 NOTE(Z) 3.5 3 IN 

15 UPTO 4 7.0 5.0 3 IN 5.0 3 IN . 5.0 3 IN 3x12 - - 

20 14.0 6.0 3 IN 6.0 3 IN 6.0 3 IN 

OVER 20 NOTE (I) 

Footnotes to tables, and general notes on hydraulic shoring, are found in Appendix D, Item (g) 
Notes (i j: See Appendix D, item (gj (i) 
Notes (2): See Appendix D, Item (g) (2) 
* Consult product manufacturer and/or qualified engineer for Section Moduhs of available wales. 
Blulna cool 4610-m-c 



Fedarrj R#a 1 Vd 54, No. 209 / Trresday, Octobei 3% 1969 / R&S aad Regulations 45367 
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Figure 1. Aluminum Hydraulic Shoring 

VERTICAL RAIL 
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Figure 2. Pneumatic/hydraulic Shoring 
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Protective systema for w 6 ~xc~vationr more than M feet in depth must be designed by a registered professional engineer in accordance 
with f 1926.852 (b) and.(c). 

Is there potential 
for cave-in? 

Is the excavation 
entirely in stable rock? 

YES I- 
Excavation must be 
sloped, shored, or 
shielded. 

I 
Sloping 
selected. 

I Sllc~ring or shi 
selected. 

Id ing 

I CL) to Fig:Jre ? 1 I Co to Figure 3 1 

F i(.I’EE I - PRELf:llVARY DECTSIONS 



- . Sloping selected as the 
method of protection 

I 

YES I NO 

Excavation must comply with 
one of the following three 
options: - 

Option I: 
s 1926.652 (b)(2) which 

requires Appendices A 
and B ta be followed 

Option 2: 
31926.652 (b)(3) which 

requires other tabulated 
data (see definiticn) to 
be followed. 

. 

. 

51926.~~~‘?~1:t) which 
requires the excavation 
to be designed by a 
registered professiona 1 
engineer. 

Excavations must comply 
withs1926.652 (b)(l) which 
requires a slope of ltH:lV 
(34’ 1. 

FICl’RE 2 - SI.O?ING OPTIONS 



Federal Register / Vol. 54, No. 209 / Tuesday, October 31.1989 / Rules and Regulations 45991 

Shoring or shielding selected 

Soil classification is required 
when shoring or shielding is 
used. The excavation must comply 
with one of the following four 
nptions: 

Option 1 
51926.652 (c)(l) which requires 

Appendices A and C to be followed 
(e.g. timber shoring). 

Option 2 
$1926.652 (c)(2) which. requires 
manufacturers data to be followed 
(e.g. hydraulic shoring,trench 
jacks, air shores, shields). 

Option 3 
51926.652 (c)(3) which requires 

tabulated data (set! definition) 
to be folloued (e.g. any system 
as per the tabulated data). 

Option 4 
31926.652 (c)(h) which requires 

the excavation co be designed 
by a regisrered professional 
engineer {e.g. any designed 
system). 

FIGURE 3 - SHORING AND SHIELDING OPTIONS 
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UCCWQ Q)Dt: 4410-2a-c 



SOP IF201 
On-Site Water Quality Testing 



SOP F201 
Revision No.: 2 
Date: 04/94, 
Page 1 of 15 

ON-SITE WATER QUALITY TESTING 
TABLE OF CONTENTS 

1.0 PURPOSE 

2.0 SCOPE 

3.0 DEFINITIONS 

4.0 RESPONSIBILITIES 

5.0 PROCEDURES 
5.1 Measurement of pH 
5.2 Measurement of Specific Conductance/Salinity 
5.3 Measurement of Temperature 
5.4 Measurement of Dissolved Oxygen Concentration 
5.5 Turbidity (Secchi Disc) 

6.0 QUALITY ASSURANCE RECORDS 

7.0 REFERENCES 



SOP P201 
Revision No.: 2 
Date: 04/94 
PageZof15 

ON-SITE WATER QUALITY TESTING 
(FIELD PARAMETERS) 

1.0 PURPOSE 

This SOP describes. the procedures and equipment required to measure the following 

parameters of an aqueous sample in the field: 

l PH 
l Specific Conductance (ScYSalinity 
l Temperature (T) 
l Dissolved Oxygen Concentration (DO) 
l Turbidity (Secchi Disc) 

The first three are the usual field parameters; dissolved oxygen may be used in particular 

applications according to project requirements. 

2.0 SCOPE 

These procedures are applicable for use in an on-site water quality monitoring program to be 

conducted during a Remedial Investigation or Site Investigation at a hazardous or 

nonhazardous site. The procedures and equipment described are applicable to nearly all 

aqueous samples, including potable well water, monitoring well water, surface water, leachate 

and drummed water, etc. 

This procedure provides generic information for measuring the parameters listed above with 

instruments and techniques in common use. Since instruments from different manufacturers 

may vary, review of the manufacturer’s literature pertaining to the use of a specific 

instrument is required before use. 

3.0 DEF’INITIONS 

Conductance - A measurement of water’s capacity for conveying electrical current and is 

directly related to the concentrations of ionized substances in the water. The units of 

measurement for conductance (mhos) are the inverse of ohms, the unit commonly used to 

express resistance. Conductivity and specific conductance are used synonymously. ,-\ 



I  

SOP F201 
Revision No.: 2 
Date: 04/94: 
Page3of15 

Electrolvtic Cell - An electrochemical cell in which electrical energy is supplied from an 

external source. This cell functions in much the same way as a galvanic cell, only in the 

opposite direction due to the external source of applied voltage. 

Galvanic Cell - An electrochemical cell in which chemical energy is spontaneously converted 

to electrical energy. The electrical energy produced is supplied to an external circuit. 

Oxidation - The process in which an atom or group of atoms loses electrons to achieve an 

increasing positive charge. 

pH - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity 

is related to the hydrogen ion concentration, and, in a relatively weak solution, the #two are 

nearly equal. Thus, for all practical purposes, pH is a measure of the hydrogen ion 

concentration. The range of pH is 0 to 14 standard units. 

Resistance - A measure of the solution’s ability to oppose the passage of electrical current. For 

metals and solutions, resistance is defined by Ohm’s Law, E = IR, where E is the potential 

difference (in units of volts), I is the current (in units of Amperes), and R is the resistance (in 

units of ohms). 

Secchi disc - A metal disc having four quadrants, two opposing ones painted black and the 

other two either white or unpainted. The Secchi disc is used to measure turbidity based on the 

depth of light penetration. 

Turbiditv - An optical property of water that causes light to be scattered or.absorbed in the 

water, resulting in decrease in water transparency. It is a function of at least three variables: 

1) dissolved chemicals, such as tannins, acids, or salts; 2) suspended particles, such as silt, 

clay, and organic matter; and, 3) density of microbial and planktonic life. 

Salinity refers to the total amount of soluble salts in water, either naturally or added to the 

environment as pollutants. 
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4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans 

are in accordance with these procedures, where applicable, or that other, approved procedures 

are developed. The Project Manager is responsible for determining which on-site water 

quality measurements shall be made, the data quality objectives (DQOs> for these 

measurements, and for ensuring that these measurements are made in accordance with 

project-specific plans. 

Field Team Leader - The Field Team Leader is responsible for determining that these water 

quality measurement procedures are implemented in the field in accordance with this SOP, or 

in accordance with project-specific plans, and to ensure that personnel performing sampling 

activities have been briefed and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these 

procedures for collecting on-site water quality measurements including instrument 

calibration, quality control and recording of results, a8 well as care and maintenance of the 

instruments in the field. 

- 

5.0 PROCEDURES 

The following sections provide general procedure8 for collecting pH, epecific 

conductance/salinity, temperature, dissolved oxygen concentration and turbidity 

measurements. 

6.1 Measurement of DH 

Measurement of pH is one of the most important and frequently used tests in water chemistry. 

Practically every phase of water supply and wastewater treatment, such a8 acid-base 

neutralization, water softening, and corrosion control, is pH dependent. Likewise, the pH of 

leachate can be correlated with other chemical analyses to determine the probable source of 

contamination. It is therefore important that reasonably accurate pH measurements be 

taken. 
_- 
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Measurements of pH also can be used to check the quality and corrosivity of soil and solid 

waste samples. However, these samples must be immersed in water prior to analysis; specific 

measurement techniques for solids are not described here. 

Two methods are given for pH measurement: the pH meter and pH indicator paper. The 

indicator paper is used when only a rough estimate of the pH is required; the pH meter is used 

when a more accurate measurement is needed. The response of a pH meter can be affected to a 

slight degree by high levels of colloidal or suspended solids, but the effect is usually small and 

generally of little significance. Consequently, specific methods to overcome this interference 

are not described. The response of pH paper is unaffected by solution interferences fram color, 

turbidity, colloidal or suspended materials unless extremely high levels capable of coating or 

masking the paper are encountered. In most cases, use of a pH meter will be required. 

5.1.1 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or 

alkalinity of the solution with the indicator compound on the paper. Depending on the 

indicator and the pH range of interest, a variety of different colors can be used. Typical 

indicators are weak acids or bases, or both. Process chemistry and molecular transformations 

leading to the color change are variable and complex. 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement 

relies on the establishment of a potential difference across a glass or other type of membrane. 

The membrane is conductive to ionic species and, in combination with a standard or reference 

electrode, a potential difference proportional to hydrogen ion concentration can be generated 

and measured. 

5.1.2 Equipment 

The following equipment and reagents are needed for taking pH measurements: 

l Portable pH meter, or pH indicator paper, such as Mydrion or Alkacid, to cover the pH 

range 2 through 12. 
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l Laboratory-prepared buffer solutions of pH 4,7 and 10, or other buffers which bracket 

the expected pH range. 

5.1.3 Measurement Techniques for Field Determination of pH 

A. pHMeter 

Standardization, calibration, and operation and maintenance shall be performed 

according to the manufacturers instructions. The following procedure is used for 

measuring pH with a pH meter: 

1. The batteries and instrument shall be checked and calibrated prior to 

initiation of the field effort. 

2. The accuracy of the buffer solutions used for field and laboratory calibration 

shall be checked. Buffer solutions need to be changed often due to degradation 

upon exposure to the atmosphere. 
,.--. 

3. Immerse the tip of the electrodes in water overnight. If this is not possible due 

to field conditions, immerse the electrode tip in water for at least an hour 

before use. The electrode tip may be immersed in a rubber or plastic sack 

containing buffer solution for field transport or storage. This is not applicable 

for all electrodes as some must be stored dry. 

4. Make sure all electrolyte solutions within the eleclxode(s) are at their proper 

levels and that no air bubbles are present within the electrode(s). 

5. Immerse the electrode(s) in a pH-7 buffer solution. 

6. Adjust the temperature compensator to the proper temperature (on models 

with automatic temperature adjustment, immerse the temperature probe into 

the buffer solution). It is best to maintain the buffer solution at or near 

expected sample temperature before calibration, if possible. 

7. Adjust the pH meter to read 7.0. 
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8. Remove the electrode(s) from the buffer and rinse well with distilled-deionized 

water. Immerse the electrode(s) in pH-4 or 10 buffer solution (depending on the 

expected pH of the sample) and adjust the slope control to read the appropriate 

pH. For best results, the standardization and slope adjustments Bhall be 

repeated at least once. 

9. Immerse the electrode(s) in the unknown solution, slowly stirring the probe 

until the pH stabilizes. Stabilization may take several seconds to minutes. If 

the pH continues to drift, the sample temperature may not be stable, a 

chemical reaction (e.g., degassing) may be taking place in the sample, or the 

meter or electrode may be malfunctioning. This must be clearly noted in the 

logbook. 

10. After adjusting the temperature compensator to the sample temperature, read 

and record the pH of the solution. The pH value shall be recorded to the 

nearest 0.1 pH unit. Also record the sample temperature. All measurements 

shall be recorded in the Field Logbook. 

11. Upon completion of measurement and removal of the electrode f+om the 

sample, the electrode shall be thoroughly rinsed with deionized water. 

12. The electrode(s) shall remain immersed in deionized water when not in use. 

The sample used for pH measurement shall never be saved for’ subsequent 

conductivity or chemical analysis. All pH electrodes leak small quantities of 

electrolytes (e.g., sodium or potassium chloride) into the solution. Precipitation of 

saturated electrolyte solution within the electrode, especially at colder temperatures, 

or in cold water, may result in slow electrode response. Any visual observation of 

conditions which may interfere with pH measurement, such as oily materials, or 

turbidity, shall be noted in the Field Logbook. 
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Use of pH paper is very simple and requires no sample preparation, standardization, 

etc. pH paper is available in several ranges, including wide-range (indicating 

approximately pH 1 to 12), mid-range (approximately pH 0 to 6,6 to 9, or 8 to 14) and 

narrow-range (many available, with ranges as narrow as 1.5 pH units). The 

appropriate range of pH paper shall be selected. If the pH is unknown the 

investigation shall start with wide-range paper. 

5.2 Measurement of Specific Conductance/Salinity 

Conductance provides a measure of dissolved ionic species in water and can be used to suggest 

the direction and extent of migration of contaminants in groundwater or surface water. 

Salinity refers to the total amount of soluble salts in water, either naturally or added to the 

environment as pollutants. One basic measure of salinity is the ability of water to conduct 

electric current, and, therefore, a measurement of specific conductance provides a 

measurement of salinity and the same instrument can be used. Salinity measurements are 

important in ecological field investigations because flora and fauna can be limited in their 

distribution based on the salinity of the sampled waters. 

Conductivity is a numerical expression of the ability of a water sample to carry an electric 

current. This value depends on the total concentration of the ionized substances dissolved in 

the water and the temperature at which the measurement is made. The mobility of each of the 

various dissolved ions, their valences, and their actual and relative concentrations affect 

conductivity. 

It is important to obtain a specific conductance and salinity measurement soon after taking a 

sample, since temperature changes, precipitation reactions, and absorption of carbon dioxide 

from the air all affect the specific conductance. 

5.2.1 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, 

the positive ions (cations) migrate toward the negative electrode (cathode), while the 

negatively charged ions (anions) migrate toward the positive electrode (anode). Most 
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inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or sodium 

chloride, respectively) are relatively good conductors. Conversely, organic compounds such as 

sucrose or benzene, which do not disassociate in aqueous solution, conduct a current very 

poorly,.if at all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential diffe:rence) 

may be used for measurement of electrical resistance. The ratio of current applied to voltage 

across the cell also may be used as a measure of conductance. The core element Iof the 

apparatus is the conductivity cell containing the solution of interest. Depending on ionic 

strength of the aqueous solution to be tested, a potential difference is developed across the cell 

which can be converted directly or indirectly (depending on instrument type) to a 

measurement of specific conductance. 

5.2.2 Equipment 

A portable conductivity meter, probe and thermometer are needed for taking specific 
/@- 

conductance and salinity measurements. A variety of conductivity meters are available which 

also may be used to monitor salinity and temperatures. Probe types and cable lengths vary, so 

equipment may be obtained to meet the specific requirements of the sampling program. 

6.2.3 Measurement Techniques for Specific Conductance/Salinity 

Standardization, calibration, and operation and maintenance shall be performed according to 

manufacturers instructions. The steps involved in taking specific conductance and salinity 

measurements are listed below. 

1. Check batteries and calibrate instrument before going into the field. 

2. Calibrate the instrument daily when used. Potassium chloride solutions with a 

specific conductance closest to the values expected in the field shall be used. 

Calibration information shall be recorded in the field logbook. 

3. Rinse the cell with one or more portions of the sample to be tested or with deionized 

water. 
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4. Immerse the electrode in the sample and measure the conductivity and salinity. If 

specified, adjust the temperature setting to the sample temperature. 

5. Read and record the results on the Calibration Form (in the absence of the Calibration 

Form, the Field Logbook will be used). 

6. If the meter does not compensate for temperature variations, the corrections given in 

Attachment A shall be applied. 

7. On some meters, specific. conductivity and salinity measurements may need to be 

reported with the associated temperature measurement. If the conductivity and 

salinity has been corrected, the measurements shall be reported as “corrected to 25°C.” 

(See Attachment A) 

a. Do not take readings if the sample temperature is less than 10” C, because the 

calibration curve no longer follows a straight line below this temperature. If 

necessary, heat the sample in your vehicle to at least 10” C. 
_- 

b. Measure the sample temperature to the nearest 0.1” C to comply with SW-846. 

c. Only report results to the nearest two significant digits for the most 

circumstances, because of the inherent inacurracy in the test and conversion 

procedure. 

examples: 

l a calculated reading of 2353 umhoa!cm @ 25” C should be reported as 2400 

umhoslcm @ 25” C 

l a calculated reading of 2325 should be reported as 2300 

l a calculated reading of 337 should be reported as 340 

0 etc. 

5.3 Measurement of TemDerature 

In combination with other parameters, temperature can be a useful indicator of the likelihood 

of biological action in a water sample. It can also be used to trace the flow direction of 

‘-- 
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contaminated groundwater. Temperature measurements shall be taken in-situ, or as quickly 

as possible in the field prior to sample collection. Collected water samples may rapidly 

equilibrate with the temperature of their surroundings. 

5.3.1 Equipment 

Temperature measurements may be taken with Thermistor, alcohol-toluene, mercury or 

bimetal thermometers. In addition, various meters such as specific conductance or dissolved 

oxygen meters, which have temperature measurement capabilities, may also be used. Using 

such instrumentation along with suitable probes and cables, in-situ measurements of 

temperature can be performed. 

6.3.2 Measurement Techniques for Water Temperature 

If a thermometer is used on a collected water sample: 

l Immerse the thermometer in the sample until temperature equilibrium is obtained 

(1-3 minutes). To avoid the possibility of contamination, the thermometer shall not be 

inserted into samples which will undergo subsequent chemical analysis. 

l Record values in a Field Logbook to the nearest 0.5 or O.l“C, depending on the 

measurement device used. 

If a temperature meter or probe is to be used, the instrument shall be calibrated according to 

the manufacturer’s recommendations with an approved thermometer. 

5.4 Measurement of Dissolved Oxygen Concentration 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, 

chemical and biochemical activities in the water body. Conversely, the growth of many 

aquatic organisms, as well as the rate of corrosivity, are dependent on the dissolved oxygen 

concentration. Thus, analysis for dissolved oxygen is a key test in water pollution and waste 

treatment process control. If at all possible, DO measurements shall be taken in-situ, since 

concentration may show a large change in a short time, if the sample is not adequately 

preserved. 
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The method discussed here is limited to the use of dissolved oxygen meter8 only. Chemical 

methods of analysis (i.e., Winkler methods) are available, but require more equipment and 

greater sample manipulation. Furthermore, DO meters, using a membrane electrode, are 

suitable for highly polluted waters, because the probe is completely submersible. DO meter8 

also are free from interference caused by color, turbidity, colloidal material or suspended 

matter. 

5.4.1 Principles of Equipment Operation 

Dissolved oxygen probes normally are electrochemical cell8 that have two solid metal 

electrodes of different potential immersed in an electrolyte. The electrolyte is retained by an 

oxygen-permeable membrane. The metal of higher nobility (the cathode) is positioned at the 

membrane. When a suitable potential exists between the two metals, reduction of oxygen to 

hydroxide ion (OH) occurs at the cathode surface. An electrical current is developed directly 

proportional to the rate of arrival of oxygen molecule8 at the cathode. 

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen 

at the cathode, it is important that a fresh supply of sample always be in contact with the 

membrane. Otherwise, the oxygen in the aqueous layer along the membrane is quickly 

depleted and false low readings are obtained. It is therefore necessary to stir the sample (or 

the probe) constantly to maintain fresh solution near the membrane interface. Stirring, 

however, shall not be so vigorous that additional oxygen is introduced through the air-water 

interface at the sample surface. To avoid this possibility, some probes are equipped with 

stirrer8 to agitate the solution near the probe, but to leave .the 8urface ‘of the solution 

undisturbed. 

Dissolved oxygen probe8 are relatively f%ee of interferences. Interference8 that can occur are 

reaction8 with oxidizing gases (such a8 chlorine) or with gases such as hydrogen sulfide which 

are not easily depolarized from the indicating electrode. If gaseous interference is suspected, it 

shall be noted in the Field Logbook and checked if possible. Temperature variation8 also can 

cause interference because probe8 exhibit temperature sensitivity. Automatic temperature 

compensation normally is provided by the manufacturer. Attachment B presents variations of 

DO in water as a fraction of temperature and salinity. 
,_-. 
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5.4.2 Equipment 

The following, similar or equivalent, equipment is needed to measure dissolved oxygen 

concentration: 

l YSI Model 56 dissolved oxygen monitor (or equivalent). 

l Dissolved oxygen/temperature probe. 

l Sufficient cable to allow the probe to contact the sample. 

5.4.3 Measurement Techniques for Dissolved Oxygen Determination 

Probes differ as to specifics of use. Follow the manufacturer’s instructions to obtain an 

accurate reading. The following general steps shall be used to measure the dissolved oxygen 

concentration. 

1. Calibrate equipment and check batteries in the laboratory before going to the field. 

2. The probe shall be conditioned in a water sample for as long as practical before use in 

the field. Long periods of dry storage followed by short periods of use in the field may 

result in inaccurate readings. 

3. The instrument shall be calibrated in the field before each measurement or group of 

closely spaced measurements by placing the probe in a water sample of known 

dissolved oxygen concentration (i.e., determined by Wmkler method) or in a freshly 

air-saturated water sample of known temperature. Dissolved oxygen values for air- 

saturated water can be determined by consulting a table listing oxygen solubilities as 

a function of temperature and salinity (see Attachment B). 

4. Immerse the probe in the sample. Be sure to provide for sufficient flow past the 

membrane, either by stirring the sample, or placing the probe in a flowing stream. 

Probes without stirrers which are placed in wells should be moved up and down. 

5. Record the dissolved oxygen content and temperature of the sample in a Field 

Logbook. 
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6. Recalibrate the probe when the membrane is replaced, or following similar 

maintenance, or as needed. Follow the manufacturer’s instructions. 

Note that in-situ placement of the probe is preferable, since sample handling is not involved. 

This, however, may not always be practical. Be sure to record whether the liquid was analyzed 

in-situ, or whether a sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to 

increased oxygen dissolution and positive test interferences. 

5.5 Measurement of Turbidity Using a Secchi Disc 

In combination with other parameters, turbidity can be a useful indicator of the likelihood of 

biological action in a water body. It can be used to determine the depth of light penetration of 

surface water and the distribution and intensity of photosynthesis in the body of water. 

Turbidity measurements shall be taken in-situ with a Secchi disc. 

5.5.1 Equipment 

,^ 

Turbidity measurements may be taken with a Secchi disc. In addition, turbidity may be 

measured using a colimeter or a spectrophotometer. These are ex-situ measurements 

conducted in a laboratory environment. 

5.5.2 Measurement Techniques for Turbidity 

Observations must be made through a shaded area of water surface. 

Standard conditions for the use of the Secchi disc are: 1) clear sky; (2) sun directly 

overhead; 3) shaded, protected side of boat or under a sun shade; 4) minimal waves or 

ripples; and, 5) any departure from these conditions should be specifically stated on 

field sheets. 

Rope accurately graduated in meters with 0.1 meter graduations for the first meter 
__-_ 

and 0.5 meters thereafter. 
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Observer’s eye should be 1 meter above the surface of the water. 

Observations should be made during the middle of the day. 

Lower the disc into the water, noting the depth at which it disappears, then lift the disc 

and note the depth at which it reappears. The average of the two readings is 

considered to be the limit of visibility and is recorded in a Field Logbook to the nearest 

0.1 meter (first meter) or 0.5 meter, depending on the depth of visibility. 

QUALITY ASSURANCE RECORDS 

Quality assurance records for on-site water quality management consists principally of 

observations and measurements recorded in the Field Logbook. Records of instrument 

calibration, malfunction, repair, etc., shall be maintained in an Equipment Logbook as 

described in the Navy CLEAN Contractor Quality Control Plan. 

7.0 REFERENCES 

American Public Health Association, 1980. Standard Methods for the Examination of Water 

and Wastewater, 15th Edition, APHA, Washington, D.C. 

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/479-020. 

U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data 

Acquisition, Chapter 5: Chemical and Physical Quality of Water and Sediment. U.S. 

Department of the Interior, Reston, Virginia. 



ATTACHMENTA 

SPECIFIC CONDUCTANCE CONVERSION TABLE 



Temperature Calculated Temperature 
Degrees C Multiplier Degrees C 

10 1.402 12 

10.1 1.398 12.1 

10.2 1.394 12.2 

10.3 1.390 12.3 

10.4 1.387 12.4 

10.5 1.383 12.5 

10.6 1.379 12.6 

10.7 1.376 12.7 

10.8 1.372 12.8 

10.9 1.369 12.9 

11 1.365 13 

11.1 1.361 13.1 

11.2 1.358 13.2 

11.3 1.354 13.3 

11.4 1.351 13.4 

11.5 1.347 13.5 

11.6 1.344 13.6 

11.7 1.341 13.7 

11.8 1.337 13.8 

11.9 1.334 13.9 

0t-S: 

ATTACHMENT A 
SPECIFIC CONDUCTANCE CONVERSIONTABLE 

Calculated 

1.281 1 

Temperature 

15% I 1.222 I 

Calculated Temperature 
Multiplier 

17.5 

Degrees C Multiplier Degrees C 

1.330 14 1.266 16 

1.327 14.1 1.263 16.1 

1.324 14.2 1.260 16.2 

1.320 14.3 1.257 16.3 

1.317 14.4 1.254 16.4 

1.314 I 14.5 I 1.251 I 16.5 

1.310 I 14.6 1 1.248 1 16.6 

1.307 I 14.7 I 1.245 1 16.7 

1.304 I 14.8 1 1.242 1 16.8 

1.301 14.9 1.239 16.9 

1.297 15 1.236 17 

1.294 15.1 1.233 17.1 

1.291 15.2 1.230 17.2 

1.288 15.3 1.227 17.3 

1.285 15.4 1.225 17.4 

1.278 1 15.6 1 1.219 1 17.6 1.165 1 21.6 1 1.069 

1.275 1 15.7 1 1.216 1 17.7 1.162 1 21.7 1 1.067 

1.272 1 15.8 1 1.213 1 17.8 1.159 I 21.8 1 1.065 

1.269 I 15.9 I 1.210 I 17.9 1.157 I 21.9 I 1.063 

Calculated Temperature Calculated 
Multiplier 

1.167 1 

Degrees C 

21.5 

Multiplier 

1.208 

1 1.072 

20 1.106 

1.205 20.1 1.103 

1.202 20.2 1.101 

1.199 20.3 1.099 

1.197 20.4 1.096 

1.194 20.5 1.094 

1.191 20.6 1.092 

1.188 20.7 1.089 

1.186 20.8 1.087 

1.183 20.9 1.085 

1.180 21 1.083 

1.178 21.1 1.080 

1.175 21.2 1.078 

1.172 1 21.3 1 1.076 

1.170 1 21.4 1 1.074 

- Do not make specific conductame measurements at temperatures below 10’ C. 
- Measure temperature to the nearest O.l”C. 
- Report all conductivities at 25’C, to two significant digita. 
- This conversion table is based on a temperature coefficient of 0.0191 (as per SW-646) and a cell constant of 1, where the ratio of conductivity at 25 C to the conductivity at temperature t”C 

equals l/(1 +O.Olgl[t-251). 
- The temperature coefkient and cell con&ante are only approximate, actual values may differ. 
- The more the temperature deviates from 25’C, the greater the uncertainty in applying the temperature correction. 



ATTACHMENT A (Continued) 
SPECIFIC CONDUCTANCE CONVERSIONTABLE 

Temperature Calculated Temperature Calculated Temperature Calculated Temperature 
Degrees C Multiplier 

Calculated Temperature Calculated 
Degrees C Multiplier Degrees C Multiplier Degrees C Multiplier Degrees C Multiplier 

22 1.061 24 1.019 26 0.981 28 0.946 30 0.913 

22.1 1.059 24.1 1.017 26.1 0.979 28.1 0.944 30.1 0.911 

22.2 1.057 24.2 1.016 26.2 0.978 28.2 0.942 30.2 0.910 

22.3 1.054 24.3 1.014 26.3 0.976 28.3 0.941 30.3 0.908 

22.4 1.052 24.4 1.012 26.4 0.974 28.4 0.939 30.4 0.907 

22.5 1.050 24.5 1.010 26.5 0.972 28.5 0.937 30.5 0.905 

22.6 1.048 24.6 1.008 26.6 0.970 28.6 0.936 30.6 0.903 

22.7 1.046 24.7 1.006 26.7 0.969 28.7 0.934 30.7 0.902 

22.8 1.044 24.8 1.004 26.8 0.967 28.8 0.932 30.8 0.900 

22.9 1.042 24.9 1.002 26.9 0.965 28.9 0.931 30.9 0.899 

23 1.040 25 1.000 27 0.963 29 0.929 31 0.897 

23.1 1.038 25.1 0.998 27.1 0.961 29.1 0.927 31.1 0.896 

23.2 1.036 25.2 0.996 27.2 0.960 29.2 0.926 31.2 0.894 

23.3 1.034 25.3 0.994 27.3 0.958 29.3 0.924 31.3 0.893 

23.4 1.032 25.4 0.992 27.4 0.956 29.4 0.922 31.4 0.891 

23.5 1.029 25.5 0.991 27.5 0.954 29.5 0.921 31.5 0.890 

23.6 1.027 25.6 0.989 27.6 0.953 29.6 0.919 31.6 0.888 

23.7 1.026 25.7 0.987 27.7 0.951 29.7 0.918 31.7 0.887 

23.8 1.023 25.8 0.985 27.8 0.949 29.8 0.916 31.8 0.885 

23.9 1.021 25.9 0.983 27.9 0.948 29.9 0.914 31.9 0.884 
Notes: 
- Do not make specific conductance measurements at temperatures below 10°C. 
- Measure temperature to the nearest 0.1’ C. 
- Report all conductivities at 25”C, to two significant digits. 
- This conversion table is based on a temperature coeffkient of 0.0191 (as per SW-846) and a ceil constant of 1, where the ratio of conductivity at 25 C to the conductivity at temperature t” C 

equals l/(1 +O.O191[t-251). 
- The temperature coefficient and cell constants are only approximate, actual values may differ. 
- The more the temperature deviates from 25’C, the greater the uncertainty in applying the temperature correction. 
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VARIATION OF DISSOLVED OXYGEN CONCENTRATION 

IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY 



F-7 ATTACHMENTB 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION 
IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY 

Dissolved Oxygen mgil 

Chloride Concentration in Water 



ATTACHMENTB 
(Continued) 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION 
IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY 

Note: In a chloride solution, conductivity can be roughly related to chloride 
concentration (and therefore used to correct measured D.O. concentration) using 
Attachment A. 
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WATER LEVEL, WATER-PRODUCT LEVEL MEASUREMENTS, AND 
WELL DEPTH MEASUREMENTS 

1.0 PURPOSE 

The purpose of this procedure is to describe the method of determining various down-hole 
measurements: groundwater levels and product (or non-aqueous phase liquid, NAPL) levels, if 
present, and total depth of groundwater monitoring wells and piezometers. 

2.0 SCOPE 

The methods described in this SOP generally are applicable to the measurement of groundwater 
levels, product or NAPL levels, and well depths in monitoring wells and piezometers. 

3.0 DEFINITIONS 

None. 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project- specific plans are 
in accordance with these procedures, where applicable, or that other approved procedures are 
developed. 

Field Team Leader - The Field Team Leader is responsible for ensuring that these procedures are 
implemented in the field, and for ensuring that personnel performing these activities have been 
briefed and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of the sampling personnel to follow these procedures 
or to follow documented, project- specific procedures as directed by the Field Team Leader and/or 
the Project Manager. The sampling personnel are responsible for the proper acquisition of 
down- hole measurements. 

5.0 PROCEDURES 

Calculations of groundwater elevations and product or NAPL interface level measurements collected 
from a monitoring well give an indication of: 

0 The horizontal hydraulic gradient and the direction of groundwater flow. 

0 The vertical hydraulic gradient, if well nests are used (i.e., the direction of 
groundwater flow in the vertical plane). ..+- 
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a Floating or sinking product thicknesses which are also known as Light 
Non-Aqueous Phase Liquids (LNAPLS) and Dense Non-Aqueous Phase Liquids 
(DNAPLS), respectively. 

This information, when combined with other site specific information such as hydraulic cond.uctivity 
or transmissivity, extent of contamination, and product density, may be used to estimate the rate of 
contaminant movement or source areas, etc. 

Well depth is one of the factors used to determine the zone that a well monitors. Well depth also 
is used in the calculation of purge volumes as discussed in SOP F104, Groundwater Sample 
Acquisition. 

The following sections briefly discuss the procedures for measuring groundwater levels, product or 
NAPL levels, and well depth. For all of the procedures discussed, it is assumed that the 
measurement will be taken from the top of the PVC or stainless steel casing (though other measuring 
points can be used), and that horizontal and vertical control is available for each well through a site 
survey, such that measurements may be converted to elevations above Mean Sea Level (MSL) or 
some other consistent datum. A permanent notch, placed on the inner PVC or stainless steel casing 
by the surveyor will facilitate consistent water level measurements. 

The manufacturer’s instructions for all equipment referenced herein should be read by the equipment 
operator(s) and accompany the equipment to the field. 

5.1 Water Level Measurement 

Water levels in groundwater monitoring wells shall be measured from the permanent point indicated 
at the top of the inner casing (they surveyed elevation point, as marked by the surveyor), unless 
otherwise specified in the project plans, using an electronic water level measuring devicle (water 
level indicator). The point of measurement will be documented in the field logbook if different from 
the top of the inner casing. The reason for deviating from the measurement point should1 also be 
noted. 

Water levels are measured by lowering the probe into the well until the device indicates that water 
has been encountered, usually with either a constant buzz, or a light, or both. The water level is 
recorded to the nearest foot (0.0 1) using the graduated markings on the water level indicator cord. 
This measurement, when subtracted from the measuring point elevation, yields the groundwater 
elevation. 

Groundwater levels shall always be measured to the nearest 0.01 foot. However, reporting of water 
level elevations depends on the accuracy of the vertical control (typically either 0.1 or 0.0 1 foot). 
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5.2 Product or NAPL Level Measurements 

The procedure for product or NAPL and DNAPL level measurements is nearly identical to that for 
groundwater elevation measurements. The only differences are the use of an interface probe that 
detects both NAPLs, DNAPLs, and water, and the indication signal given by the measurement 
device. Typically, encountering NAPLs, and DNAPLs in a monitoring well is indicated by a 
constant sound. When water is encountered, the signal becomes an alternating on/off beeping sound. 
This allows for the collection of measurements for both the top of the NAPL layer in a well and the 
water/NAPL interface. DNAPL measurements are collected by lowering the interface probe to the 
bottom of the monitoring well. 

The apparent water table elevation below the product level will be determined by subtracting the 
“depth to water” from the measuring point elevation. The corrected water table elevation will then 
be calculated using the following equation: 

WTE, = WTE, + (Free Product Thickness x 0.80) 

Where: 

WTE, = 
WTE, = 
0.80 = 

_I 
Corrected water table elevation 
Apparent water table elevation 
Average value for the density of petroleum hydrocarbons. Site-specific 
data will be used where available. 

5.3 Well Depth Measurement8 

Well depths typically are measured using a weighted measuring tape. A water level meter may also 
be used. The tape is lowered down the well until resistance is no longer felt, indicating that the 
weight has touched the bottom of the well. The weight should be moved in an up and down motion 
a few times so that obstructions, if present, may be bypassed. The slack in the tape then is collected 
until the tape is taut. The well depth measurement is read directly off of the measuring tape, at the 
top of the PVC or stainless steel casing, to the nearest 0.01 -foot and recorded in the Field Logbook. 
If a water level indicator is used, add the distance from the bottom of the probe to the point where 
water levels are measured. 

5.4 Decontamination of Measurin? Devices 

Water level indicators, interface probes and weighted measuring tapes that come in contact with 
groundwater must be decontaminated using the following steps after use in each well: 

l Rinse with potable water 

l Rinse with deionized water 



a Rinse with: 
b Methanol or acetone (EPA Region I) 
b Methanol, hexane, or acetone (EPA Region II) 
b Methanol (EPA Region III) 
b Isopropanol (EPA Region IV) 
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0 Rinse with deionized water 

Portions of the water level indicators or other similar equipment that do not come into contact with 
groundwater, but may encounter incidental contact during use, need only undergo potable water and 
deionized water rinses. 

6.0 QUALITY ASSURANCE RECORDS 

‘Ihe Field Logbook shall serve as the quality assurance record for water, product level or well depth 
measurements. 

7.0 REFERENCE 
./-=-Y 

U. S. EPA, 1991. Standard Operating Procedures and Oualitv &surance Manual. Environmental 
Compliance Branch, U. S. EPA, Environmental Services Division, Athens, Georgia. 
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PHOTOIONIZATION DETECTOR (PID) 
HNu MODELS PI 101 and DL 101 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for using the I-INu Model 

PI 101 or DL 101 photoionization detector (PID), or an equivalent or similar instrument, in the 

field. Calibration and operation, along with field maintenance will be included in this SOP. 

2.0 SCOPE 

This procedure provides information on the field operation and general maintenance of the 

HNu (PID). Application of the information contained herein will ensure that this type of field 

monitoring equipment will be used properly. Review of the manufacturer’s instruction 

manual is necessary for more complete information. 

These procedures refer only to monitoring for health and safety. The methods are not directly 

applicable to eurveillance of air quality for analytical purposes. .-- 

3.0 DEFINITIONS 

Ionization Potential - In this case, a numeric equivalent that expresses the amount of energy 

needed to replace an electron with a photon. This energy is further defined in terms of electron 

volts (eV). 

pID - Photoionization Detector 

m - parts per mill ion: parts of vapor or gas per million parts of air (directly proportional to 

calibration gas). 

4.0 RESPONSIBILITIES 

Proiect Manaver - The Project Manager is responsible for ensuring that project-specific plans 

are in accordance with these procedures, where applicable, or that other approved procedures 

. _ I .  
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are developed. The Project Manager is responsible for selecting qualified individuals for the 

monitoring activities. 

Proiect Health and Safety officer (PHSO) - The Project Health and Safety Officer is 

responsible for developing a site-specific Health and Safety Plan (HASP) which specifies air 

monitoring requirements. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement these 

procedures in the field, and to ensure that the Field Investigation Personnel performing air 

monitoring activities, have been briefed and trained to execute these procedures before the 

start of site operations. 

Site Health and Safetv Officer (SHSO) - The SHSO is responsible for ensuring that the 

specified air monitoring equipment is on site, calibrated, and used correctly by the Field 

Personnel. The SHSO will coordinate these activities with the Field Team Leader. 

Field Investigation Personnel - It is the responsibility of the Field Investigation Personnel to 

follow these procedures or to follow documented project-specific procedures as directed by the 

Field Team Leader/Site Health and Safety officer. The Field Investigation Personnel are 

responsible for documenting all air monitoring results in both the Field Logbook and\ the daily 

Realtime Air Monitoring Log during each field investigation. 

5.0 PROCEDURES 

The HNu utilizes the principle of photoionization whereby contaminant molecules enter the 

ion chamber and electrons are displaced by ultraviolet photons producing positive ions. These 

displaced positive ions are in turn collected on a special electrode. As the positive ions collect 

on the electrode, they create an electrical current which is amplified and displayed on the 

meter as a concentration in parts per million (ppm). 

The HNu is only effective for contaminants that have ionization potentials (IP) of less than or 

equal to the electron volt (eV) capacity of the lamp (i.e., methane, having an IP of 12.98 eV, 

will not be detected at a lamp potential of 11.7 eV). The standard lamp is 10.2 eV with optional 

lamps of 9.5 eV and 11.7 eV, respectively. For the PI 101 the span settings should be as 
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follows: 1.0 for 9.5 eV lamps; 9.8 for 10.2 eV lamps; and 5.0 for 11.7 eV lamps. During 

calibration, these span settings will be adjusted as necessary, using the span control knob. 

The following subsections will discuss HNu calibration, operation, and maintenance. These 

sections, however, should not be used as a substitute for the manufacturer’s instruction 

manual. 

5.1 Calibration 

For calibration purposes, the following items will be needed: 

0 *Gas cylinder containing 95 to 100 parts per million (ppm) of isobutylene, balance in 
air. 

8 A 0.30 liters per minute regulator. 
l Connector tubing. 
l Screwdriver set. 
l Calibration Gas Humidifier (for high humidity environments). 
l Photoionization Detector (PID) Calibration Form. 

*Note: Do not rely on accuracy of rated cylinder concentration when content drops to <200 
psi. 

Y-‘.. 

Prior to each use, make sure that the battery is fully charged, the ultraviolet lamp is working, 

and that the fan is operating and drawing air into the probe (fan operates at approximately 

100-200 cc/minute for the PI 101 and 225 cc/minute for the DL 101). Procedures for completing 

these preliminary activities are given in the manufacturer’s instruction manual. 

PI 101 

To calibrate the HNu PI 101, the steps provided below should be followed. For an itemized 

description of the calibration process, refer to Section 3-5 in the manufacturer’s instruction 

manual. The HNu PI 101 should be calibrated on a daily basis. 

l Turn the function control switch to the standby position and zero the instrument by 
turning the zero adjustment knob to align the indicator needle with zero on the 
readout meter. 

l Set the range on the HNu and allow the instrument to warm up a few minutes before 
calibrating. Choices for range are O-20,0-200, and O-2,000 ppm, respectively. Range 
choice must take into account the concentration of the calibration gas. For example, if Fe- 
you are using a concentration of 100 ppm isobutylene as the calibration gas, your 
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range should be set on the O-200 scale. If you have to zero the instrument in the 
desired range, record background if present. 

l Attach tubing to the regulator (use the Calibration Gas Humidifier in high humidity 
environments). 

i Attach the free end of the tubing to the probe and turn on the calibration gas. 

l Calibrate the PID to benzene equivalents. Using the 10.2 eV (lamp) probe and 100 
ppm isobutylene, the meter should read 56 units. Using the 11.7 eV (lamp) probe and 
100 ppm isobutylene, the meter should read 65 units. Ifthe reading on the meter is not 
It5 percent of the concentration of the calibration gas, adjust the span setting knob 
until the meter reads accordingly. If after adjusting the span setting knob the readout 
meter is still not responding, refer to the manufacturer’s instruction manual. Also, 
when the HNu is calibrated it should respond to a minimum of 90 percent of the 
concentration of the calibration gas within three seconds after introduction of that gas. 
If proper calibration cannot be obtained, internal calibration may be required. Note, 
only qualified personnel should perform internal calibrations. 

l Record the calibration on the “Photoionization Detector (PID) Calibration Form”. 

DL 101 

To calibrate the HNu DL 101, the steps provided below should be followed. For an itemized 

description of the calibration process, refer to Section 4.4 in the manufacturer’s instruction 

manual. 

l Press and release the POWER button on the keypad and wait for the screen to etabilize 
then press the CALIBRATE key until “Calibrate?’ appears. At this point press the 
ENTER key until “Elec,Zero? Yes” appears on the screen in which case you will press 
the ENTER key, again, to confirm the electronic zero. 

l The display will now read “CE/ENT/EXIT Cone = - ppm” which requires the 
concentration of the calibration gas (noted on the side of the calibration gas bottle) to 
be entered on the keypad. The display will prompt you to “Attach gas to probe and 
/ENTER/” so attach tubing to probe (use the calibration gas humidifier in high 
humidity environments), open valve, and press ENTER key. Press ENTER again 
when “‘Press ENTER when Ready: xxx ppm” appears on screen. This will cause 
‘%alibrating...Pleas Wait” to appear on screen. 

Note: This calibration is effective when the instrument is in the Survey Mode, which is the 

default mode. For calibrations other the one described, or if proper calibration cannot 

be obtained, refer to the manufacturer’s instruction manual. 
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l For calibrations using an alternate gas or span values, refer to Section 4.5 of the 
manufacturer’s instruction manual. 

l Record the calibration on the “Photoionization Detector (PID) Calibration Form” 
which accompanies each HNu. 

5.2 Operation 

PI 101 

Note: 

0 

0 

l 

Note: 

IMPORTANT - The HNu should be “zeroed” in a fresh air environment if at all 

possible. If there is a background concentration, it must be documented and then 

zeroed out. 

Prior to each use of the HNu, check that the battery is fully charged by turning the 
dial to BA’IT and making sure that it is within range. Also make sure that the 
ultraviolet lamp and the fan are working properly. 

Select your desired range. HNu ranges consists of a O-20, O-200, and O-2,000 ppm, 
respectively. Consult with the Field Team Leader for more information when choosing 
the appropriate range, however, in most instances the range will be set initially at 0- 
20. 

- 

When HNu is used intermittently, turn knob to STANDBY to help in extending the 
life of the W lamp when operating in a low humidity environment. Otherwise, leave 
the knob set to the range desired so that the W lamp will “burn off’ any accumulated 
moisture. 

When using the PI 101 HNu, make sure that the probe does not contact water or soil 

during sampling. This will cause erroneous readings and will possibly damage the 

instrument. 

DL 101 

The DL 101 is designed to default to the survey mode when initially powered up, therefore 

once the calibration has been completed, the instrument is ready to go. Within the survey 

mode several options are available, briefly these options include: 



SOP F203 
Revision No.: 2 
Date: 04194 
Page 7 of 10 

1. The Site Function 

The Site function assigns a number to a site that is being analyzed. Press the Site Key on the 

keypad to enter a specific site number, or press the gray button on the rear of the probe to 

increment a site number. 

2. Logging Data 

The Log function stores data in memory. To log data, press the Log key on the keypad or the 

Log button on the back of the probe. “Log” will appear in the upper right corner of the display 

when activated and disappears when not activated. To turn logging off, press eithe:r the Log 

key on the keypad or the red Log button on the rear of the probe. 

l The DL 101 allows for the interchanging of different voltage lamps, however, refer to 
the manufacturer’s instructions before attempting to change the lamp. 

l The DL 101 also offers three other modes of operation, the Hazardous Waste :Mode, the 
Industrial Hygiene Mode, and the Leak Detection Mode. Each of these modes 
increases the range of capabilities for this instrument which is covered in detail in the 
manufacturer’s instruction manual. 

Note: When using the DL 101 HNu, make sure that the probe does not contact water or soil 

during sampling. This will cause erroneous readings and will possibly damage the 

instrument. 

6.3 Interferences and Potential Problems 

A number of factors can affect the response of the PI 101 HNu and DL 101 HNu. 

l High humidity can cause lamp fogging and decreased sensitivity. This can be 
significant when soil moisture levels are high, or when monitoring a soil gas well that 
is accessible to groundwater. 

l High concentrations of methane can cause a downscale deflection of the meter. 

l High and low temperature, electrical fields, FM radio transmission, and naturally 
occurring compounds, such as terpines in wooded areas, will also affect intstrument 
response. 



SOP F203 
Revision No.: 2 
Date: 04/94 
Page 8 of 10 

5.4 Maintenance 

The best way to keep an HNu operating properly is to keep it as clean as possible. HNu’s 

should be decontaminated and wiped down after each use. 

Corrective Maintenance 

l The ultraviolet lamp should be periodically cleaned using a special compound supplied 
by HNu Systems, Inc. for the 10.2 eV lamp, and a chlorinated solvent such as l,l,l- 
tichloroethane for the 11.7eV lamp. Consult the manufacturer’s instruction manual 
for specific cleaning instructions 

l The ionization chamber can be periodically cleaned with methyl alcohol and a swab. 

Note: UV lamp and ion chamber cleaning is accomplished by following the procedures 

outlined in Section 5.2, however, this should only be performed by trained personnel. 

l Documenting the HNu’s observed symptoms and then referring to the manufacturer’s 
instruction manual section on troubleshooting (Section 6.0) also can be employed. If 
this does not work, the Field Team Leader should be consulted for an appropriate 
course of action. --\ 

Repair and Warranty Repair - HNu’s have different warranties for different parts, so 

documenting the problem and sending it into the manufacturer assists in expediting repair 

time and obtaining appropriate warranty service. 

5.5 SHIPPINGANDHANDLING 

Following is information regarding the transport of the HNu meter and calibration gas. 

l If HNu is to be carried on in aircraft, the calibration gas must be removed from the 

carrying case as cylinders of compressed gas are not permitted on passenger aircraft. 

The calibration gas should either be shipped to the site of its intended use, or 

purchased locally. 

l Shipping of the calibration gas requires the completion of a form (specified by the 

shipping company) that identifies the package as a compressed gas. Compressed gas 

stickers must be affixed to the package. 
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6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each air monitoring event. The :following 

information shall be recorded in the Field Logbook. 

l Identification - Site name, location, CT0 number, activity monitored, (surface water 
sampling, soil sampling, etc.) serial number, time, resulting concentration, comments 
and identity of air monitoring personnel. 

l Field observations - Appearance of sampled media (if definable). 

l Additional remark8 (e.g., the HNu meter had wide range fluctuations during air 
monitoring activities). 
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7.0 REFERENCES 

HNu Systems, Inc. Instruction Manual. Model PI 101,1986. 

HNu Systems, Inc. Operator’s Manual. Model DL 101,199l. 
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FLAME IONIZATION DETECTOR @ID) 
FOXBORO OVA 128 

1.0 PURPOSE 

The purpose of this procedure is to provide general reference information for using the Foxboro 

OVA 128, Flame Ionization Detector @‘ID) or an equivalent or substitute device, in the field. 

Calibration, operation, and field maintenance will be included in this SOP. The OVA 128 is 

an intrinsically safe organic vapor monitor, but it cannot be used in atmospheres that are 

oxygen deficient and it is unable to detect inorganic compounds, including poisonous 

atmospheres. 

2.0 SCOPE 

This procedure provides information on the field operation and general maintenance of the 

Foxboro OVA 128 @ID). Application of the information contained herein will ensure that this 

type of field monitoring equipment will be properly operated. Review of the manufacturer’s 

operating manual is a necessity for more detailed descriptions and operating information. 

These procedures refer only to monitoring for health and safety. The methods are not directly 

applicable to eurveillance of air quality for analytical purposes. 

3.0 DEFINITIONS 

m - Flame Ionization Detector 

ppm - parts per mill’ ion: parts of vapor or gas per million parta of air (directly proportional to 

calibration gas). 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans 

are in accordance with these procedures where applicable, or that other approved procedures 

are developed. The Project Manager is responsible for selecting qualified individuals for the 

monitoring activities. 
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Proiect Health and Safetv Officer (PHSO) - The Project Health and Safety Of&er is 

responsible for developing a site-specific Health and Safety Plan (HASP) which specifies air 

monitoring requirements. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement these 

procedures in the field, and to ensure that the Field Investigation Personnel performing air 

monitoring activities have been briefed and trained to execute these procedures before the 

start of site operations. 

Site Health and Safetv Officer (SHSO) - The SHSO is responsible for ensuring that the 

specified air monitoring equipment is on site, calibrated, and used correctly by the Field 

Personnel. The SHSO will coordinate these activities with the Field Team Leader. 

Field Investivation Personnel - It is the responsibility of the Field Investigation Personnel to 

follow these procedures or to follow documented project-specific procedures as directed by the 

Field Team Leader/Site Health and Safety Officer.. The Field Investigation Personnel are 

responsible for documenting all air monitoring results in both the Field Logbook during each 

field investigation. 

5.0 PROCEDURES 

The following subsections will discuss calibration, operation and maintenance of the OVA 128. 

These sections, however, should not be used as a substitute for the manufacturer’s operating 

manual. 

The OVA 128 utilizes the principle of flame ionization whereby molecules enter the detector 

chamber and are exposed to a hydrogen flame which ionizes the organic vapors. As the vapors 

are burned they leave positively-charged carbon-containing ions. These positive ions are 

driven by an electric field to a collecting electrode. As the positive ions collect on the electrode, 

a current is created. This current corresponds to the collection rate of the positive ions. The 

current is then measured with a linear electrometer preamplifier which produces a signal 

proportional to the ionization current. This signal is then amplified by a signal conditioning 

amplifier and sent to the readout assembly and the strip chart recorder (when attached) in 

parts per million (ppm). The FID responds to virtually all organic compounds, that is, 
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compounds that contain carbon-hydrogen or carbon-carbon bonds. The OVA can operate in 

two modes: 

Survey Mode: During normal survey mode operation, a sample is drawn into the probe and 

transferred to the detector chamber by an internal pumping system. When the sample reaches 

the FID it is ionized as described above and the resulting signal is translated to the meter as a 

direct reading concentration for total organic vapors; or recorded as a quantifiable peak on a 

strip chart. 

Gas Chromatographv Mode: Gas Chromatography (GC) is a technique for separating 

components of a sample and qualitatively and quantitatively identifying them. This is 

possible when using the OVA128 GC Model. The sample to be separated is injected into a 

column packed with an inert solid. As the carrier gas (hydrogen) forces the sample through 

the column, the separated components of the sample are retained on the column for different 

periods of time. Each component will then be transferred to the detector chamber as described 

in the survey mode section. The response from each component will be recorded as a peak on 

the strip chart. The qualitative and quantitative results can then be determined only by 

qualified personnel. 

-. 

5.1 Calibration 

Primary calibration involves internal adjustments and should only be done by the 

manufacturer or an authorized equipment technician. 

The following items will be needed for secondary calibration of the OVA 128: 

l Calibration gas (usually methane but can be contaminant specific). 
a Gas regulator. 
l Tedlar bag (usually two to three liter capacity). 
l Tubing. 
0 Screw driver set. 
l Flame Ionization Detector @ID) Calibration Form. 

Points to follow for “Single Sample Calibration:” 

l Follow operation procedures up to “calibration” step. 
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For methane calibration in the 90 to 100 ppm range, set scale to x10 and gas select 
control to 300. 

Use calibration adjustment knob to “zero” the meter. Care must be taken to document 
background readings before zeroing the instruments. 

Introduce methane sample of known concentration from Tedlar Bag and adjust gas 
select knob so that meter reading equals sample concentration. Withdraw methane 
sample, allow meter reading to stabilize and repeat. Discontinue calibration when 
meter reaction to sample introduction is consistent. 

If there is a problem with calibration, consult the manufacturer’s operating m,anual or 
an experienced technician. 

Refer to manufacturer’s operating manual for additional information. 

Since the Foxboro OVA 128 uses flame ionization, it has a broad application in terms of which 

organic contaminants it can ionize. Note: the OVA 128 hydrogen flame ionization detector is 

more sensitive to hydrocarbons than any other class of organic compounds. 

5.2 Operation 

Review of the Startup Procedure Chapter of the manufacturer’s operating manual (pa.ge 71, is 

critical prior to actual field operation. 

Points to follow for startup of the OVA 128: 

l After the OVA is assembled check that the battery level is sufficient for operation. A 
minimum, reading of 7.5 on the xl scale should provide four hours of operation.. 

a Turn instrument switch on and allow a minimum of a five minute warmup before 
turning pump on. 

l Turn the pump switch on. Pump operation is audible. 

l Place the instrument panel in the vertical position and check the sample flow rate 
indicator. The normal range is 1.5 to 2.0 unite. If less, filters may need to be (changed, 
or the battery may need further charging or replacement. 

l Ensure that an air-tight seal exists from the probe back to the instrument by placing 
your thumb over the end of the probe. Cover the probe long enough to shut the pump 
down (approximately 5-10 seconds). If the pump does not shut down, check all fittings 
and connections from the probe assembly back to the instrument. An air-tight seal is 
very important for obtaining an accurate reading. Readings obtained without an air- 
tight seal are diluted and not indicative of actual concentrations (survey ,mode) or 
concentrations and contaminants present (GC mode). 
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Use calibrate adjust knob to set meter to predetermined level for activating audible 
alarm (if desired). 

Set to xl scale and adjust meter reading to zero. 

Open hydrogen tank valve to be certain that there is enough hydrogen in the tank for 
operation approximately 1.5 to 2 full turns. The OVA will use approximately 150 
psi/hour. Then open the hydrogen supply valve approximately 1.5 to 2 full turns 
noting that the gauge reading should be within the range of 8 to 12 psi. 

Caution must be used when filling the hydrogen tank to maintain safe operating 

pressures and temperatures. Only prepurified or zero grade hydrogen will be used. 

Use the hydrogen filling hose supplied by the manufacturer, and hydrogen tank with a 

rated pressure that does not exceed the capacity of the fill line. 

After approximately one minute depress the igniter button until the hydrogen has 
been ignited (needle on readout assembly should deflect to full-scale). DO NOT HOLD 
THE IGNITER BUTTON IN FOR MORE THAN FIVE SECONDS. If hydrogen does 
not light, wait two minutes and try again. If it still does not light, consult 
manufacturer’s operating manual. 

Note: Hydrogen gas will not ignite if battery is too low. 

The instrument is now ready for calibration, if required. 

Once the Foxboro OVA 128 has been running and stabilized for 15 minutes, it is ready for 

“Survey Mode” procedures. Set the calibrate switch to the desired range and the Foxboro 

OVA 128 is now ready for field operation. 

Note: Care must be taken when operating the Foxboro OVA 128. Special areas of concern 

are the probe assembly and the analyzer. Do not stick the probe in water or soil; this 

will give erroneous readings and could possibly damage the pump. The analyzer unit 

must be kept clean and away from physical hazards, and the exhaust free from 

obstructions. 

For shutdown and refueling, follow manufacturer’s recommend procedures. 

__I_ 
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5.3 Maintenance 

Preventive maintinance consists of keeping the Foxboro OVA 128 as clean as possible. The 

Foxboro OVA 128 must be decontaminated and wiped down with a damp cloth after eac.h use. 

The other type of maintenance is the manufacturer’s scheduled maintenance which comists of 

the following. 

l Check particle filters on a monthly basis. 
l Check quad rings on a monthly basis or as needed. 
l Clean burner chamber on a quarterly basis or as needed. 
l Primary calibration and factory check on an annual basis or when non-operational. 
l Secondary calibration on a daily or weekly basis depending on usage. 

5.4 Ship&g 

Following is information regarding the transport of FID meters and calibration gas. 

l Compressed gas cylinders (i.e., methane and hydrogen) may not be carried on aircraft. 

These cylinders should either be shipped to the jobsite, or purchased locally. 

l Shipping of the gas cylinders requires completion of a form (specified by the shipping 

company), that identifies the container as compressed gas. Compressed gas stickers 

must be afSxed to the package. 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each air monitoring event. The following 

information shall be recorded in the Field Logbook. 

l Identification - Site name, location, CT0 number, activity monitored, (surface water 
sampling, soil sampling, etc.), serial number, time, resulting concentration, comments 
and identity of air monitoring personnel. 

l . Field observations - Appearance of sampled media (if definable). 

l Additional remarks (e.g., the Foxboro OVA 128 meter had wide range fluctuations 
during air monitoring activities). 
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7.0 REFERENCES 

Foxboro Model OVA 128 Century Organic Vapor Analyzer Instruction Manual, 1985. 
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BACHARACH COMBUSTIBLE GAS/ 
OXYGEN METER AND PERSONAL GAS MONITOR 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for using the Bacharach 

Sentinel 4 and Bacharach Sniffer* 503-A meters in the field. Calibration and operation, along 

with field maintenance, will be included in this SOP. 

2.0 SCOPE 

This procedure provides information into the field operation and general maintenance of the 

Sentinel 4 Sniffer and 503-A. Review of the information contained herein will ensure that this 

type of field monitoring equipment will be properly utilized. Review of the owner’s instruction 

manuals is a necessity for more detailed descriptions. 

3.0 DEFINITIONS 

Carbon Monoxide Sensor - Expresses the Carbon Monoxide concentration in parts per million 

(ppd. 

Combustible Gas - Combustible gas is expressed as a percent of the lower explosive limit 

(LEL). 

Hvdroaen Sulfide Sensor - Expresses the Hydrogen Sulfide concentration in parts per million 

(ppm). 

Oxygen Sensor - Expresses the Oxygen concentration as a percentage. 

ppm - parts per million: parts of vapor or gas per million parts of air by volume. 

. 
Sentinel 4 - Combustible Gas/Oxygen/Hydrogen Sulfide/Carbon Monoxide meter. 

Sniffer 503-A - portable Combustible Gas and Oxygen Alarm instrument. 
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4.0 RESPONSIBILITIES 

Proiect Manaper - The Project Manager is responsible for ensuring that project -specific plans 

are in accordance with these procedures, where applicable, or that other approved .procedures 

are developed. The Project Manager is responsible for selecting qualified individuals for the 

monitoring activities. 

Proiect Health and Safetv Officer (PHSO) - The Project Health and Safety Cffker is 

responsible for developing a site-specific Health and Safety Plan (HASP1 which specifies air 

monitoring requirements. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement these 

procedures in the field, and to ensure that the Field Investigation Personnel performing air 

monitoring activities, have been briefed and trained to execute these procedures before the 

start of site operations. 

Site Health and Safety Ofker (SHSO) - The SHSO is responsible for ensuring that the 

specified air monitoring equipment is on site, calibrated, and used correctly by the Field 

Personnel. The SHSO will coordinate these activities with the Field Team Leader. 

Field InvestiPation Personnel - It is the responsibility of the Field Investigation Personnel to 

follow these procedures or to follow documented project-specific procedures as directed by the 

Field Team Leader/Site Health and Safety Officer. The Field Investigation Personnel are 

responsible for documenting all air monitoring results in the Field Logbook during each field 

investigation. 

6.0 PROCEDURES 

The Sentinel 4 Personal Gas Monitor and Sniffer 503-A utilize the principle of detecting 

* sensors. The following four paragraphs discuss theory of operation as it applies to each 

functional sensor. 

The combustible gas sensor uses two elements that are wound with a platinum wire, One of 

the elements is impregnated with a catalyst to oxidize combustible gases. The other element 
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is impregnated with material that will also oxidize combustible gases, but will respond to 

temperature and humidity conditions. When the meter is turned on, an electrical current is 

passed through the elements and wires. As a combustible gas enters the chamber the 

elements will oxidize the combustible gas, thus increasing the heat and resistance of the 

element. This change in resistance causes a system imbalance, which produces a measurable 

signal proportional to the combustible gas concentration. 

The percent oxygen is measured utilizing an electrochemical sensor. As atmospheric oxygen 

enters the meter it diffuses into the sensor which converts the amount of oxygen in the sensor 

to a voltage signal. This voltage is directly proportional to percent oxygen in the atmosphere. 

The concentration of hydrogen sulfide is measured utilizing an electrochemical sensor. As 

atmospheric hydrogen sulfide enters the meter it diffuses into the sensor which converts the 

amount of hydrogen sulfide in the sensor to a voltage signal. This voltage is directly 

proportional to the atmospheric hydrogen sulfide concentration. 

The concentration of carbon monoxide as measured utilizing an electrochemical sensor. As 

atmospheric carbon monoxide enters the meter it diffuses into the sensor which converts the 

amount of carbon monoxide in the sensor to a voltage signal. This voltage is directly 

proportional to the atmospheric carbon monoxide concentration. 

The Sentinel 4 Personal Gas Monitor and Sniffer 503-A are intrinsically safe for use in Class I, 

Division 1, Groups A, B, C and D hazard areas. .Qne fad that needs to be expressed is that this 

type of monitoring equipment utilizes internal oxidation of combustibles, if the meter is placed 

in an oxygen deficient atmosphere, the combustible reading may be affected. Review of each of 

the instruction manuals will aid in determining the percentage of oxygen that affects the 

combustible gas readings. 

The following subsections will discuss Sentinel 4 and Sniffer 503-A calibration, operation, and 

maintenance. These sections, however, do not take the place of the instruction manual. 
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5.1 Calibration 

Sentinel 4 

Due to the numerous steps involved in calibration, it is recommended that you follow the 

calibration procedures (on a daily basis) as outlined in the instruction manual from pages 5-12 

to 5-20. 

NOTE: A calibration kit will be provided for each Sentinel 4. This kit contains a cylinder for 

the combustible gas sensor, one cylinder for the hydrogen sulfide sensor, and one cylinder for 

the carbon monoxide sensor. The oxygen sensor can be calibrated with (uncontaminated/fresh 

air environment) atmospheric air and does not need cylinder gas. 

Note: When a single sensor doesn’t zero, none of the sensors are zeroed. 

Sniffer@ 503-A 

Oxvvaen Detector 

1. Check battery charge by turning function switch to “BATTERY TEST,” if battery is in 

recharge zone instrument will need to be charged. 

2. To zero the oxygen detector, tum function switch to “BATTERY TEST” position and 

press “TEST” switch and observe the 02 meter indication. If indicator is zero, no 

further adjustment is necessary. If not, follow procedures in Section 5.4.1 of the 

Operations Manual. 

3. To calibrate the oxygen detector, turn function switch to “BATTERY TEST” position. 

Unlock the “OXYGEN CALIB” knob and adjust it for an 02 meter indication of 21 or 

at the CAL mark. Relock “OXYGEN CALIB” knob. If using zero calibration gas, 
. follow procedures in Section 5.4.2 of the Operator’s Manual. 

4. Record on Calibration Sheet. 
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1. Check battery charge by turning function switch to “BATTERY TEST,” if batter is in 

recharge zone, instrument will need to be charged. Allow 5 minutes for the 

instrument to warm up. 

2. Turn function switch to the % LEL position. 

Note: To eliminate the annoyance of the audible alarm, cover the alarm with a hand 

or duct tape during calibration. The tape must be removed, prior to operation!! 

3. Connect calibration gas (typically 30% of the LEL) and allow gas to flow for 1 minute. 

Note: If calibration gas has a concentration value, not a % LEL value, the 8 LEL can 

be calculated as follows: 

96 calibration gas (i.e., methane) x 20% LEL (meter alarm setting) = 8 LEL 

calibration setting 

If meter indication is within f5% of LEL calibration gas, no further adjustment is 

required. Ifnot, follow procedures in Section 5.5.4 of Operator’s Manual. 

Sniffer@ 503-A 

1. Connect sample probe and tubing to the instrument’s sample inlet (refer to Sections 

8.4 and 8.5 for the Operator’s Manual for available hoses and probes. 

2. Check that battery is in Cperational Range. 

3. Turn instrument to % LEL range and allow to warm up for 1 minute. 

_--- 

4. Check in a fresh air environment that % LEL reads 0% and that 02 indicator reads 

21% (calibration mark). ,d-.. 



SOP F208 
Revision No.: 1 
Date: 1993 
Page 7 of 8 

5. Sample air/gas from area to be tested, allow 30 seconds for readings to stabilize. When 

finished, allow at least 10 seconds (longer if extension line is used) to purge sample 

line. 

6. If instrument is operating erratically, refer to “TROUBLESHOOTING” Section 

(Table 5-2) in Operator’s Manual. 

5.2 Operation 

Sentinel 4 

Due to the Sentinel 4 having many functions in terms of operation, it is recommended1 that you 

follow the operational procedures as outlined in the instruction manual from pages 6-1 to 6-34. 

NOTE: Since the Sentinel 4 is capable of measuring four different parameters, an 

understanding of the alarm, error, and fault messages must be obtained. This can be done by 

reviewing the troubleshooting table found on pages 9-2 to 9-9. 

5.3 Site Maintenance 

After each use, the meters should be recharged and the outside of the instruments should be 

wiped clean with a soft cloth. 

5.4 Scheduled Maintenance 

Function Frequency 

Check alarm and settings Monthly/before each use 

Clean screens and gaskets around sensors Monthly 

Replace sensors Biannually or when calibration is unsuccessful 
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6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each air monitoring event. The following 

information shall be recorded in the Field Logbook. 

l Identification - Site name, date, location, CT0 number,activity monitored, (surface 

water sampling, soil sampling, etc), serial number, time, resulting concentration, 

comments and identity of air monitoring personnel. 

l Field observations - Appearance of sampled media (ifdefmable). 

l Additional remarks (e.g., the Sentinel 4 or Sniffer 503-A had wide range fluctuations 

during air monitoring activities.) 

NOTE: The “Toxic Gas Meter Calibration Form” will be completed daily, prior to 

performing any air monitoring. 

7.0 REFERENCES 

Bacharach Installation, Operation, Maintenance Manual, Sentinel 4 Personal Gas Monitor, 

1990. 

Bacharach Installation, Operation, Maintenance Manual, Sniffer” 503-A, Rev. 3 - 

October 1990. 
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SAMPLE PRESERVATION AND HANDLING 

1.0 PURPOSE 

This SOP describes the appropriate containers for samples of particular matrices, and the 

steps necessary to preserve those samples when shipped off site for chemical analysis. It also 

identifies the qualifications for individuals responsible for the transportation of hazardous 

materials and samples and the regulations set forth by the Department of Transportation 

regarding the same. 

2.0 SCOPE 

Some chemicals react with sample containers made of certain materials; for example, trace 

metals adsorb more strongly to glass than to plastic, while many organic chemicals may 

dissolve various types of plastic containers. It is therefore critical to select the correct 

container in order to maintain the integrity of the sample prior to analysis. 
- 

Many water and soil samples are unstable and may change in chemical character during 

shipment. Therefore, preservation of the sample may be necessary when the time interval 

between field collection and laboratory analysis is long enough to produce changes in either 

the concentration or the physical condition of the constituent(s). While complete and 

irreversible preservation of samples is not possible, preservation does retard the chemical and 

biological changes that may occur after the sample is collected. 

Preservation techniques are usually limited to pH control, chemical addition(s), and 

refrigeration/freezing. Their purposes are to (1) retard biological activity, (2) retard 

hydrolysis of chemical compounds/complexes, (3) reduce constituent volatility, and (4) reduce 

adsorption effects. 

Typical sample container and preservation requirements for the CLEAN Program are 

referenced in NEESA 20.2-047B and are provided in Attachment A of this SOP. Note that 

sample container requirements (i.e., volumes) may vary by laboratory. 

The Department of Transportation, Code of Federal Regulations (CFR) Title 49 establishes 

regulations for all materials offered for transportation. The transportation of environmental 
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samples for analysis is regulated by Code of Federal Regulations Title 40 (Protection of the 

Environment), along with 49 CFR Part 172 Subpart H. The transportation of chemicals used 

as preservatives and samples identified as hazardous (as defined by 49 CFR Part 171.8) are 

regulated by 49 CFR Part 172. 

3.0 DEFTNITIONS 

HCl - Hydrochloric Acid 
H#Ob- Sulfuric Acid 
HNOa - Nitric Acid 
NaOH - Sodium Hydroxide 

Normalitv (N) - Concentration of a solution expressed as equivalents per liter, where an 

equivalent is the amount of a substance containing one mole of replaceable hydrogen or its 

equivalent. Thus, a one molar solution of HCl, containing one mole of H, is “one-normal,” 

while a one molar solution of HxS04 containing two moles of H, is “two-normal.” 

,f-- 4.0 BESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans 

are in accordance with these procedures, where applicable, or that other, approved procedures 

are developed. The Project Manager is responsible for development of documentation of 

procedures which deviate from those presented herein. The Project Manager is also 

responsible for proper certification of individuals responsible for transportation of samples of 

hazardous substances. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these 

procedures are implemented in the field and to ensure that personnel performing sampling 

activities have been briefed and trained to execute these procedures. The Field Team Leader 

is responsible to ensure all samples and/or hazardous substances are properly identified, 

labeled, and packaged prior to transportation. 

Sampling Personnel - It is the responsibility of the field sampling personnel to initiate sample 

preservation and handling. It is also the responsibility of the field sampling personnel to 

understand and adhere to the requirements for proper transportation of samplers and/or 

hazardous substances. 

,- 
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5.0 PROCEDURES 

The following procedures discuss sample containerization and preservation techniques that 

are to be followed when collecting environmental samples for laboratory analysis. 

5.1 Sample Containers 

For most samples and analytical parameters either glass or plastic containers are satisfactory. 

In general, if the analyte(s) to be measured is organic in nature, the container shall be made of 

glass. If the analyte(s) is inorganic, then glass or plastic containers may be used. Containers 

shall be kept out of direct sunlight (to minimize biological or photo-oxidation/photolysis of 

constituents) until they reach the analytical laboratory. The sample container shall have 

approximately five to ten percent air space (‘Wage”) to allow for expansion/vaporization if the 

sample is heated during transport (one liter of water at 4°C expands by 15 milliliters if heated 

to 130°F/55”C); however, head space for volatile organic analyses shall be omitted. 

-. 

The analytical laboratory shall provide sample containers that have been certified clean 

according to USEPA procedures. Shipping containers for samples, consisting of sturdy ice 

chests, are to be provided by the laboratory. 

Once opened, the sample container must be used at once for storage of a particular sample. 

Unused, but opened, containers are to be considered contaminated and must be discarded. 

Because of the potential for introduction of contamination, they cannot be reclosed and saved 

for later use. Likewise, any unused containers which appear contaminated upon receipt, or 

which are found to have loose caps or missing liners (if required for the container) shall be 

discarded. 

General sample container, preservative, and holding time requirements are listed in 

Attachment A. 

5.2 Preservation Techniques 

The preservation techniques to be used for various analytes are listed in Attachment A. 

Reagents required for sample preservation will either be added to the sample containers by 
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laboratory prior to their shipment to the field or added in the field using laboratory supplied 

preservatives. Some of the more commonly used sample preservation techniques include 

storage of sample at a temperature of 4T, acidification of water samples, and storage of 

samples in dark (i.e. amber) containers to prevent the samples from being exposed to light. 

All samples shall be stored at a temperature of 4°C. Additional preservation techniques shall 

be applied to water samples as follows: 

l Water samples to be analyzed for volatile organic8 shall be acidified. 

l Water samples to be analyzed for semivolatile organics shall be stored in dark 

containers. 

l Water samples to be analyzed for pesticides/PCBs shall be stored in dark containers. 

l Water samples to be analyzed for inorganic compounds shall be acidified. 

These preservation techniques generally apply to samples of low-level contamination. The 

preservation techniques utilized for samples may vary. However, unless documented 

otherwise in the project plans, all samples shall be considered low concentration. All samples 

preserved with chemicals shall be clearly identified by indicating on the sample label that the 

sample is preserved. 

6.3 Sample Holding Times 

The elapsed time between sample collection and initiation of laboratory analyses is considered 

the holding time and must be within a prescribed time frame for each individual analysis to be 

performed. Sample holding times for routine sample collection are provided in Attachment A. 

6.0 SAMPLE HANDLING AND TRANSPORTATION 

After collection, the outside of all sample containers will be wiped clean with a damp paper 

towel; however sample handling should be minimized. Personnel should use extrem.e care to 

ensure that samples are not contaminated. If samples are placed in an ice chest, personnel 

should ensure that melted ice cannot cause sample containers to become submerged, as this 

may result in sample cross-contamination and loss of sample labels. Sealable plastic bags, 

(zipper-type bags), should be used when glass sample containers are placed in ice chests to 

prevent cross-contamination, if breakage should occur. 
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Sample8 may be hand delivered to the laboratory or they may be shipped by common carrier. 

Relevant regulation8 for the storage and shipping of samples are contained in 40 CFR 

261.4(d). Parallel elate regulation8 may also be relevant. Shipment of dangerous good8 by air 

cargo ‘is also regulated by the United Nations/k&national Civil Aviation Organization 

(UN/ICAO). The Dangerous Good8 Regulation8 promulgated by the International Air 

Transport Association (IATA) meet or exceed DOT and UNK!AO requirement8 and should be 

used for ehipment of dangerous good8 via air cargo. Standard procedure for shipping 

environmental samples are given in Attachment B. 

7.0 REFERENCES 

American Public Health Association, 1981. Standard Method8 for the Examination of Water 
and Wastewater. 15th Edition. APHA, Washington, D.C. 

USEPA, 1984. “Guidelines EBtablishing Test Procedures for the Analysis of Pollutant8 under 
Clean Water Act.” Federal Redster, Volume 49 (2091, October 26,1984, p. 43234. 

USEPA, 1979. Method8 for Chemical AnalY8i8 of Water and Wastes. EPA-600/4-79-020. 

USEPA EMSL, Cincinnati, Ohio. 

USEPA, Region IV, 1991. Environmental Compliance Branch Standard Operating 
Procedure8 and Qua& Assurance Manual. Athens, Georgia. 

Protection of the Environment, Code of Federal Regulation, Title 40, Part8 260 to 299. 

Transportation, Code of Federal Regulation, Title 49, Parta 100 to 177. 
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A!tTACHMENTA 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR AQUEOUS SAMPLES 

I Bottle Requirement8 
I 

Preservation 
Requirement8 Parameter Holding Time (1) 

10 days 

Extraction within 5 days 
Analyze 40 days 

Extraction within 5 days 
Analyze 40 days 

14 days 

180 days except Mercury is 
26 days 

28 days 

28 days 

28 days 

28 days 

14 days 

6 months 

14128 days 

6 months 

I Volatile Organic Compound8 
I 

glass teflon lined cap 
I 

Cool to 4°C 
(VW 1:l HClpH C2 

I 
2xlliter I Semivolatile Organic 

I 
gla88 h?flOn lined cap 

I 
Cool to 4°C 

Compounds (SVOA) Dark 

CLP 

I 

2xlliter I PCBlPesticides I glass teflon lined cap I Cool to 4°C 
Dark 

CLP 
I 

lxlliter 
EPA 335.2 I Cyanide I plastic/glass I NaOH to pH > 12 

Cool to 4°C 

CLP I lxlliter I Metals (TAL) 
I 

plastic/glass 
I 

HNO+pH C2 

EPA 415.1 I 2x40ml I Total Organic Carbon I glass, teflon lined cap I Cool to 4°C 
HzSO4 to pH < 2 

EPA 450.1 I 250 ml I Total Organic Halogen I plastic/glass I Cool to 4°C 
H2SO4 to pH C 2 

EPA 32521325.3 1 250 ml I Chloride I plastic/glass I none required 

EPA 375.4 I 250 ml I Sulfate I p1a8tic/g1ass I Cool to 4°C 

1 Alkalinity I plastic/glass I Cool to 4°C EPA 310.U310.2 

9310 

250 ml 

1 gallon I Gross alpha/gross beta I phistic/g1a8s I HN08topH <2 

1 Chlorinated herbicides I glass, teflon lined cap Cool to 4°C EPA 515.1 

EPA 130.2 

1000 ml 

150 ml I Hardness HNOatopH <2 

(1) Holding times for CLP methods are based on Validated Time of Sample Receipt as stated in CLP statement of work of February, 1991. 
Holding times for Non-CLP methods are based on time of sample collection. 

Note: Verify this information with the laboratory that will perform the analyses. 



ATTACHMENT A (Continued) 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR SOIL SAMPLES 

Parameter Bottle Requirements 
Preservation 
Requirements 

Holding Time (1) 
Analytical 

Method 
Bottle Volume 

Volatile Organic Compounds 
(VW 

Semivolatile Organic 
Compounds (SVOA) 

PCBIPesticides 

Metals (TAL) 

Cyanide 

glass Won lined cap 

glass teflon lined cap 

glass teflon lined cap 

plastic/glass 

plastic/glass 

Cool to 4°C 

Cool to 4°C 

Cool to 4°C 

Cool to 4°C 

Cool to 4°C 

10 days CLP lx5Ogm 

Extraction within 10 days CLP lx250gm 
Analyze 40 days 

Extraction within 10 days CLP lx5Ogm 
Analyze 40 days 

Mercury is 26 days CLP lx5Ogm 
180 days 

14 days CLP lx5Ogm 
EPA 335.2M 

(1) Holding times for CLP methods are based on Validated Time of Sample Receipt as stated in CLP statement of work of February, 1991. 
Holding times for Non-CLP methods are based on time of sample collection. 

Note: Verify this information with the laboratory that will perform the analyses. 

i 
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AlTACHMEXVTB 

SAMPLE SHIPPING PROCEDURES 

Introduction 

Samples collected during field investigations or in response td a hazardous materials incident 

must be classified by the project leader, prior to shipping by air, as either environmental or 

haxardous substances. The guidance for complying with U.S. DOT regulations in shipping 

environmental laboratory samples is given in the “National Guidance Package for 

Compliance with Department of Transportation Regulations in the Shipment of 

Environmental Laboratory Samples.” 

Pertinent regulations for the shipping of environmental samples is given in 40 CF’R 261.4(d). 

Samples collected from process wastewater streams, drums, bulk storage tanks, soil, sediment, 

or water samples from areas suspected of being highly contaminated may require shipment as 

dangerous goods/hazardous substance. Regulations for packing, marking, labeling, and 

shipping of dangerous goods by air transport are promulgated by the United :Nations 

International Civil Aviation Organization (UN/ICAO),which is equivalent to IATA. 

Individuals responsible for transportation of environmental samples or dangerous 

goodahaxardous substances must be tested and certified by their employer. This is required 

by 49 CFR Part 172 Subpart H Docket HM-126 to assure the required qualifications for 

individuals offering materials for transportation. 

Environmental samples shall be packed prior to shipment by commercial air carrier using the 

following procedures: 

1. Select a sturdy cooler in good repair. Secure and tape the drain plug (inside and 
outside) with fiber or duct tape. Line the cooler with a large heavy duty plastic bag. 
This practice keeps the inside of the cooler clean and minimizes cleanup at the 
laboratory after samples are removed. 

2. Allow sufficient headapace Wage) in all bottles (except VOAs) to compensate for any 
pressure and temperature changes (approximately 10 percent of the volume of the 
container). 



_I 

3. Be sure the lids on all bottles are tight (will not leak). In many regions custody seals 
are also applied to sample container lids. The reason for this practice is two-fold: to 
maintain integrity of samples and keep lid on the container should the lid loosen 
during shipment. Check with the appropriate regional procedures prior to field work. 
In many cases, the laboratory manager of the analytical lot to be used on a particular 
project can also provide this information. 

4. It is good practice to wrap all glass containers in bubblewrap or other suitable packing 
material prior to placing in plastic bags. 

5. Place all bottles in separate and appropriately sized polyethylene bags and seal the 
bags with tape (preferably plastic electrical tape, unless the bag is a zipper-type bag). 
Up to three VOA bottles, separately wrapped in bubblewrap, may be packed in one 
plastic bag. 

6. Optionally, place three to six VOA vials in a quart metal can and then fill the can with 
vermiculite. 

7. Place two to four inches of vermiculite (ground corn cob, or other inert packing 
material) in the bottom of the cooler and then place the bottles and cans in the cooler 
with sufficient space to allow for the addition of more vermiculite between the bottles 
and cans. 

8. Put frozen “blue ice” (or ice that has been placed in properly sealed, double-bagged, 
heavy duty polyethylene bags) on top of and between the samples. Fill all remaining 
space between the bottles or cans with packing material. Fold and securely fasten the 
top of the large heavy duty plastic bag with tape (preferably electrical or duct). 

9. Place the Chain-of-Custody Record and the Request for Analysis Form (if applicable) 
into a plastic bag, tape the bag to the inner side of the cooler lid, and then close the 
cooler and securely tape (preferably with fiber tape) the top of the cooler unit. Wrap 
the tape three to four times around each side of the cooler unit. Chain-of-custody seals 
should be affiied to the top and sides of the cooler within the securing tape so that the 
cooler cannot be opened without breaking the seal. 

10. Each cooler (if multiple coolers) should have its own Chain-of-Custody Record 
reflecting the samples shipped in that cooler. 

11. Label according to 40 CFR 261.4(d). The shipping containers should be marked “THIS 
END UP,” and arrow labels which indicate the proper upward position of the container 
should be affixed to the container. A label containing the name and address of the 
shipper and laboratory shall be placed on the outside of the container. It is good 
practice to secure this label with clear plastic tape to prevent removal during shipment 
by blurring of important information should the label become wet. The commercial 
carrier is not required to sign the COC record as long as the custody seals remain 
intact and the COC record stays in the cooler. The only other documentation required 
is the completed airbill, which is secured to the top of the shipping container. Please 
note several coolers/shipping containers may be shipped under one airbill. However, 
each cooler must be labeled as “Cooler 1 of 3, Cooler 2 of 3, etc.“, prior to shipping. 
Additionally it is good practice to label each COC form to correspond to each cooler 
(i.e.,lof3,2of3,etc.). 



:-. 

SOP :F302. 
Chain-of-Custody 



SOP F302 
Revision No.: 2 
Date: 04/94 
Page 1 of 7 

CHAIN-OF-CUSTODY 
TABLE OF CONTENTS 

1.0 PURPOSE 

2.0 SCOPE 

3.0 DEFINITIONS 

4.0 RESPONSIBILITIES 

5.0 PROCEDURES 
5.1 Sample Identification 
5.2 Chain-of-Custody Procedures 

6.0 QUALITY ASSURANCE RECORDS 

7.0 REFERENCES 



SOP F302 
Revision No.: 2 
Date: 04l94 
Page 2 of 7 

CHAIN-OF-CUSTODY 

1.0 PURPOSE 

The purpose of this SOP is to provide information on chain-of-custody procedures to be used to 

document sample handling. 

2.0 SCOPE 

This procedure describes the steps necessary for transferring samples through the use of 

Chain-of-Custody Records. A Chain-of-Custody Record is required, without exception, for the 

tracking and recording of samples collected for on-site or off-site analysis (chemical or 

geotechnical) during program activities (except wellhead samples taken for measurement of 

field parameters, SOP FlOl). Use of the Chain-of-Custody Record Form creates an accurate 

written record that can be used to trace the possession and handling of the sample from the 

moment of its collection through analysis. This procedure identifies the necessary custody 

records and describes their completion. This procedure does not take precedence over region- 

specific or site-specific requirements for chain-of-custody. 

3.0 DEFINITIONS 

Chain-of-Custodv Record Form - A Chain-of-Custody Record Form is a printed two-part form 

that accompanies a sample or group of samples as custody of the sample(s) is transferred from 

one custodian to another custodian. One copy of the form must be retained in the project file. 

Custodian - The person responsible for the custody of samples at a particular time, until 

custody is transferred to another person (and so documented), who then becomes custodian. A 

sample is under one’s custody if: 

0 It is in one’s actual possession. 
l It is in one’s view, after being in one’s physical possession. 
l It was in one’s physical possession and then he/she locked it up to prevent tampering. 
l It is in a designated and identified secure area. 

Sample - A sample is physical evidence collected from a facility or the environment, which is .-=. 

representative of conditions at the point and time that it was collected. 
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4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans 

are in accordance with these procedures, where applicable, or that other, approved procedures 

are developed. The Project Manager is responsible for development of documentation of 

procedures which deviate from those presented herein. The Project Manager is responsible for 

ensuring that chain-of-custody procedures are implemented. The Project Manager also is 

responsible for determining that custody procedures have been met by the analytical 

laboratory. 

Field Team Leader - The Field Team Leader is responsible for determining that chain-of- 

custody procedures are implemented up to and including release to the shipper or laboratory. 

It is the responsibility of the Field Team Leader to ensure that these procedures are 

implemented in the field and to ensure that personnel performing sampling activities have 

been briefed and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to initiate chain- 

of-custody procedures, and maintain custody of samples until they are relinquished to another 

custodian, the sample shipper, or to a common carrier. 

5.0 PROCEDURES 

The term “chain-of-custody” refers to procedures which ensure that evidence presented in a 

court of law is valid. The chain-of-custody procedures track the evidence from the time and 

place it is first obtained to the courtroom, as well as providing security for the evidence as it is 

moved and/or passed from the custody of one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important part of the 

management control of samples. Regulatory agencies must be able to provide the chain-of- 

possession and custody of any samples that are offered for evidence, or that form the basis of 

analytical test results introduced as evidence. Written procedures must be available and 

followed whenever evidence samples are collected, transferred, stored, analyzed, or destroyed. 
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5.1 Sample Identification 

The method of identification of a sample depends on the type of measurement or analysis 

performed. When in-situ measurements are made, the data are recorded directly in bound 

logbooks or other field data records with identifying information. 

Information which shall be recorded in the field logbook, when in-situ measurements or 

samples for laboratory analysis are collected, includes: 

Field Sampler(s); 
CT0 Number; 
Project Sample Number; 
Sample location or sampling station number; 
Date and time of sample collection and/or measurement; 
Field observations; 
Equipment used to collect samples and measurements; and, 
Calibration data for equipment used. 

Measurements and observations shall be recorded using waterproof ink. 

5.1.1 Sample Label 

Samples, other than in-situ measurements, are removed and transported from the sample 

location to a laboratory or other location for analysis. Before removal, however, a sample is 

often divided into portions, depending upon the analyses to be performed. Each portion is 

preserved in accordance with the Sampling and Analysis Plan. Each sample container is 

identified by a sample label (see Attachment A). Sample labels are provided, along with 

sample containers, by the analytical laboratory. The information recorded on the sample label 

includes: 

l Project or Contract Task Order (CTC) Number. 

l Station Location - The unique sample number identifying this sample. 

l Date - A six-digit number indicating the day, month, and year of sample collection 
(e.g., 12/21/85X 

l Time - A four-digit number indicating the 24hour time of collection (for example: 0954 
is 954 am., and 1629 is 4:29 p.m.). _-, 

l Medium -Water, soil, sediment, sludge, waste, etc. 



SOP F302 
Revision No.: 2 
Date: 04/94 
Page 5 of 7 

l Sample Type - Grab or composite. 

l Preservation - Type and quantity of preservation added. 

l Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

l Sampled By - Printed name of the sampler. 

l Remarks - Any pertinent additional information. 

Using only the work assignment number of the sample label maintains the anonymity of sites. 

This may be necessary, even to the extent of preventing the laboratory performing the 

analysis from knowing the identity of the site (e.g., if the laboratory is part of an organization 

that has performed previous work on the site). 

Sd Chain-of-Custody Procedures 

After collection, separation, identification, and preservation, the sample is maintained under 

chain-of-custody procedures until it is in the custody of the analytical laboratory and :has been 

stored or disposed. 

5.2.1 Field Custody Procedures 

l Samples are collected as described in the site Sampling and Analysis Plan. Care must 
be taken to record precisely the sample location and to ensure that the sample! number 
on the label matches the Chain-of-Custody Record exactly. 

l The person undertaking the actual sampling in the field is responsible for the care and 
custody of the samples collected until they are properly transferred or dispatched. 

l When photographsare taken of the sampling as part of the documentation procedure, 
the name of the photographer, date, time, site location, and site description are entered 
sequentially in the site logbook as photos are taken. Once developed, the photographic 
prints shall be serially numbered, corresponding to the logbook descriptions; 
photographs will be stored in the project files. It is good practice to identify sample 
locations in photographs by including an easily read sign with the appropriate 
sample/location number. 

l Sample labels shall be completed for each sample, using waterproof ink unless 
prohibited by weather conditions, e.g., a logbook notation would explain that a pencil 
was used to fill out the sample label if the pen would not function in freezing weather. 
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5.2.2 Transfer of Custody and Shipment 

Samples are accompanied by a Chain-of-Custody Record Form. A Chain-of-Custody Record 

Form example is shown in Attachment B. When transferring the possession of samples, the 

individual(s) relinquishing and receiving will sign, date, and note the time on the Record. This 

Record documents sample custody transfer from the sampler, often through another person, to 

the analyst in the laboratory. The Chain-of-Custody Record is filled out as given below. 

l Enter header information (CT0 number, samplers, and project name). 

l Enter sample specific information (sample number, media, sample analysis required 
and analytical method, grab or composite, number and type of sample containers, and 
date/time sample was collected). 

l Sign, date, and enter the time under “Relinquished by” entry. 

l Have the person receiving the sample sign the “Received by” entry. If shipping 
samples by a common carrier, print the carrier to be used in this space (i.e., Federal 
Express). 

l If a carrier is used, enter the airbill number under “Remarks,” in the bottom right 
corner; 

l Place the original (top, signed copy) of the Chain-of-Custody Record Form in a plastic 
zipper-type bag or other appropriate sample shipping package. Retain the copy with 
field records. 

l Sign and date the custody seal, a l- by 3-inch white paper label with black lettering 
and an adhesive backing. Attachment C is an example of a custody seal. The custody 
seal is part of the chain-of-custody process and is used to prevent tampering with 
samples a&r they have been collected in the field. Custody seals shall be provided by 
the analytical laboratory. 

l Place the seal across the shipping container opening so that it would be broken if the 
container was to be opened. 

l Complete other carrier-required shipping papers. 

The custody record is completed using waterproof ink. Any corrections are made by drawing a 

line through and initialing and dating the change, then entering the correct information. 

Erasures are not permitted. 

Common carriers will usually not accept responsibility for handling Chain-of-Custody Record 

Forms; this necessitates packing the record in the shipping container (enclosed with other 
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documentation in a plastic zipper-type bag). As long as custody forms are sealed inside the 

shipping container and the custody seals are intact, commercial carriers are not required to 

sign the custody form. 

The laboratory representative who accepts the incoming sample shipment signs and dates the 

Chain-of-Custody Record, completing the sample transfer process. It is then the laboratory’s 

responsibility to maintain internal logbooks and custody records throughout sample 

preparation and analysis. 

6.0 QUALITY ASSURANCE RECORDS 

Once samples have been packaged and shipped, the COC copy and airbill receipt becomes part 

of the Quality Assurance Record. 

7.0 REFERENCES 

1. USEPA. User’s Guide to the Contract Laboratory Program. Of&e of Emergency and 

Remedial Response, Washington, D.C. (EpA154O/P-91/002), January 1991. 
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ATTACHMENT A 

EXAMPLE SAMPLE LABEL 

Baker Environmental Inc. 

= *20R*userRoad Alrport Office Park, Bldg. 3 

Coraopoiis, PA 15108 

Project: 19026-SRN CT0 No.: 0026 

Sample Description: Groundwater 

Date: 09/17/92 Sampler: ABC 

Time: 0944 

Analysis: TAL Metals (CAP) Preservation: HNOa 

Project Sample No.: CAX-GW-04 

Note: Typically, sample labels are provided by the analytical 
laboratory and may be used instead of the above. However, 
samplers should make sure all pertinent information can be 
affixed to the label used. 
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EXAMPLE CHAIN-OF-CUSTODY RECORD 



Baker Environmental, Inc. 
420 Rouser Road, AOP Building 3, Coraopolis, PA 15108 

PROJECT NO.: 

SAMPLERS (SIGNATURE): 

sT$;oN DATE TIME COMP GRAB STATION LOCATION 

RELINQUISHED BY @IGNATURE): DATERIME: 1 RECEIVED BY (SIGNATURES: RELINQUISHED BY (SIGNATURE): ~~mmrm: 1 RECE~VEDBY (SIGNATURE): 

RELINQUISHED BY (SIGNATURE): DATEfllME: RECEIVED BY (SIGNATURE): RELfNQUISIiED BY @IGNATUREh DATEVTMFk RECEIVED BY (SIGNATURE): 

I I 

RELINQUISHED BY @IGNATUBEh DATE/TIME: BECEIVED FOR LABORATORY DATERIME: REMARKS: 

I 
BY (SIGNATURE): 

I 
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ATTACHMENTC 

EXAMPLE CUSTODY SEAL 

Signature 

I CUSTODY SEAL 
I 

CUSTODY SEAL 
I 
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FIELD LOGBOOK 

1.0 PURPOSE 

This SOP describes the process for maintaining a field logbook. 

2.0 SCOPE 

The field logbook is a document which records all major on-site activities conducted during a 

field investigation. At a minimum, the following activities/events shall be recorded in the 

field logbook by each member of the field crew. 

l Arrival/departure of site workers and visitors 
l Arrival/departure of equipment 
l Sample pickup (sample numbers, carrier, time) 
0 Sampling activities 
l Start or completion of boreholes, monitoring wells, or sampling activities 
l Health and safety issues 

The field logbook is initiated upon arrival at the site for the start of the first on-site activity. 

Entries are made every day that on-site activities take place. At least one field logbook shall 

be maintained per site. 

The field logbook becomes part of the permanent site file. Because information contained in 

the field logbook may be admitted as evidence in legal proceedings, it is critical that this 

document is properly maintained. 

3.0 DEF’INITIONS 

Field logbook - The field logbook is a bound notebook with consecutively numbered pages. 

Upon entry of data, the logbook requires the signature of the responsible data/information 

recorder. 

4.0 RESPONSIBILITIES 

The Field Team Leader is responsible for maintaining a master field logbook for the duration 

of on-site activities. Each member of the sampling crew is responsible for maintaining a 

complete and accurate record of site activities for the duration of the project. 

-- 
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6.0 PROCEDURES 

The following sections discuss some of the information which must be recorded in ,the field 

logbook. In general, a record of all events and activities, as well as other potentially important 

information shall be recorded by each member of the field team. 

5.1 Cover 

The inside cover or title page of each field logbook shall contain the following information: 

l Contract Task Order Number 
l Project name and location 
l Name of Field Team Leader 
l Baker’s address and telephone number 
l Start date 

l If several logbooks are required, a sequential field logbook number 

It is good practice to list important phone numbers and points of contact here. 

5.2 Daily Entries 

Daily entries into the logbook may contain a variety of information. At the beginning of each 

day the following information must be recorded by each team member. 

l Date 
0 Starttime 
a Weather 
o All field personnel present 
l All visitors present 
l Other pertinent information (i.e., planned activities, schedule changes, expected 

visitors, and equipment changes) 

During the day, an ongoing record of all site activities should be written in the logbook. The 

master logbook kept by the field team leader need not duplicate that recorded in other field 

logbooks, but should summarize the information in other books and, where appropriate, 

reference the page numbers of other logbooks where detailed information pertaining to a 

subject may be found. 
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Some specific information which must be recorded in the logbook includes: 

0 

0 

0 

0. 

0 

0 

l 

0 

Equipment used, equipment numbers, calibration, field servicing 
Field measurements 
Sample numbers, media, bottle size, preservatives, collection methods, and time 
Test boring and monitoring well construction information, including boring/well 
number and location 
Sketches for each sample location including appropriate measurements if required. 
Photograph log 
Drum log 
Other pertinent information 

All entries should be made in indelible ink; all pages numbered consecutively; and all pages 

must be signed or initialed and dated by the responsible field personnel completing the log. No 

erasures are permitted. If an incorrect entry is made, the entry shall be crossed out with a 

single line, initialed, and dated. 

5.3 Photographs 

If photographs are permitted at a site, the record shall be maintained in the field logbook. 

When movies, slides or photographs are taken of any site location, they are numbered or cross- 

referenced to correspond to logbook entries. The name of the photographer, date, time, site 

location, site description, direction of view and weather conditions are entered in the logbook 

as the photographs are taken. Special lenses, film, or other image-enhancement techniques 

also must be noted in the field logbook. Once processed, photographs shall be serially 

numbered and labeled corresponding to the field logbook enties. Note that it may not be 

permitted to take photographs at all Activities; permission must be obtained from the 

LANTDIV EIC and the Activity responsible individual. 

6.0 QUALITY ASSURANCE RECORDS 

Once on-site activities have been completed, the field logbook shall be considered a quality 

assurance record. 

7.0 REFERENCES 

None. 



:- 

SOP IF304 
QAJQC Samples 



SOP F304 
Revision No.: 2 
Date: 04/94 
Page 1 of 5 

QUALITY CONTROL SAMPLES 
TABLE OF CONTENTS 

1.0 PURPOSE 

2.0 SCOPE 

3.0 DEFINITIONS 

4.0 RESPONSIBIWIES 

6.0 PROCEDURES 
5.1 Trip Blanks 
5.2 Equipment Rinsates 
5.3 Field Blanks 
5.4 Duplicates 
5.5 MS/MSD 

6.0 SAMPLE COLLECTION RECORDS AND EVALUATION 

7.0 REFERENCES 



SOP F304 
Revision No.: 2 
Date: 04/94 
Page 2 of 5 

QUALITY CONTROL SAMPLES 

1.0 PURPOSE 

The SOP describes the type and quantity of Quality Control (QC) samples to be collected for 

most field sampling operations. 

2.0 SCOPE 

QC samples are those samples (usually collected in the field) that are sent to the laboratory 

along with the environmental samples in order to evaluate site conditions and laboratory 

precision and accuracy. Evaluation of the results from the QC samples allows for the quality 

of the data to be assessed. There are five different type of QC samples: trip blanks, equipment 

rinsate blanks, field blanks, duplicates and matrix spike/matrix spike duplicate (MS/MSD) 

samples. The first three types of QC samples are used to assess field conditions during 

sampling and/or transport of the environmental samples. The latter two types of QC samples 

are used by the laboratory to help assess precision and accuracy. (The laboratory also has 

other internal samples and procedures to assess precision and accuracy.) 

Depending on the Naval Energy and Environmental Support Activity (NEESA) Level of data 

quality required by the project, different amounts of QC samples are collected. These are 

described in detail below. 

3.0 DEFINITIONS 

Trip Blank - Trip blanks are 40-ml volatile organic analysis (VOA) vials of ASTM Type II 

water that are filled at the laboratory, transported to the sampling site, and returned to the 

laboratory with environmental VOA samples. Trip blanks are not opened in the field. 

Eauipment Rinsates - Equipment rinsates are samples of ASTM Type II water (provided by 

the laboratory) passed over decontaminated sampling equipment. They are used as a measure 

of the effectiveness of the decontamination procedure. The rinsate is analyzed for the same 

parameters as the environmental samples collected from the piece of equipment. 
,I. 
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Field Blanks - Field blanks are samples of source water used for decontamination and steam 

cleaning. At a minimum there is one sample collected for each source of water used per 

sampling event. The field blank is analyzed for all the parameters tested during the sampling 

event. 

Dunlicates - Duplicates are collected to help assess laboratory reproducibility (precision). 

Solid matrix samples are homogenized before being split, except for VOAs, which are not 

homogenized because of potential volatile loss. Liquid matrix samples are collected 

simultaneously. For both solid and liquid matrices, double the normal volume is required. 

The same analyses are completed on the duplicate as on the environmental sample. 

MWMSD - MS/MSD samples are used by the laboratory (but collected in the tield) to help 

determine both precision and accuracy of analysis. For liquid matrices, triple the volume of 

sample is required (that is, one volume for the environmental sample, one volume for the MS 

sample, and one volume for the MSD sample). For solid matrices, additional volume is usually 

not required (although this will depend upon the laboratory). 

4.0 RESPONSIBILITIES 

The Project Manager is responsible for estimating the number of QC samples required for any 

sampling event. The procedures for determining the number is described in Section 5.0 below. 

The Field Team Leader is responsible for making sure that the sampling team(s) are collecting 

the required number of QC samples. The Field Team member(s) are responsible for 

understanding the rationale and methods for QC sample collection and for coordinating QC 

sample collection as appropriate. 

5.0 PROCEDURES 

The procedures for QC sample collection and the frequency at which each type of sample 

should be collected is described below. 

6.1 Trip Blanks 

Trip blanks (one pair of 40 ml vials) are sent to the laboratory in each cooler which contains 

samples for volatile organic analyses. The trip blank should also be kept in the field., with the 
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volatile samples, during the period of sample collection. Analyses of the trip blank will 

determine if the sample containers were contaminated prior to sampling or during transport. 

5.2 Equipment Rinsates 

Equipment rinsates are collected by pouring analyte-free water (provided by the laboratory) 

over decontaminated sampling equipment and collecting the rinsate. These are collected at a 

frequency of once per day and are analyzed for the same parameters as are the samples 

collected from that equipment. If two (or more) different types of equipment are used to collect 

samples in the same day (say by two field teams, one collecting soil samples from split spoons 

and one collecting groundwater from bailers), then two separate rinsate samples may be 

collected. The rinsate blank is used to qualify data. 

6.3 Field Blanks 

One field blank per source of water used for decontamination per sampling event is collected 

for all the parameters analyzed during that sampling event. In general, two field blanks are 

collected - one from the potable water source used for steam cleaning and one from distilled 

water purchased at a local store for use in general decontamination. The field blank is 

collected by opening up the water source at the sampling locations and pouring the water 

directly into the appropriate sample bottles. Analysis of the sample will indicate whether 

contamination was introduced into the samples during the collection process. 

5.4 Duplicates 

Field duplicates are collected at a frequency of 10 percent (one duplicate or per 10 samples) for 

levels C and D analyses, and at 5 percent (or one duplicate per 20 samples) for Level E 

analyses. The samples are split as described above and in other SOPS related to sample 

collection procedures. The number of duplicates to collect for levels C and D analyses is 

determined as follows: l-10 environmental samples, 1 duplicate; 11-20 environmental 

samples, 2 duplicates; 21-30 environmental samples, 3 duplicates, etc. Field duplicates are 

primarily used to check the precision and consistency of the sampling procedures used and as a 

check of laboratory accuracy. 
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MSMSD samples are collected in the same manner as for a duplicate sample, except that 

triple the volume is required for analysis (for liquids). Generally no additional volume is 

required by the laboratory for solid samples (CHECK WITH THE LAB). The frequency of 

collection is one MS/h&D pair (or two additional sample volumes) for each 20 environmental 

samples collected of similar matrix (e.g. groundwater, surface water, soil). The number of 

MS/MSD samples to collect is determined as follows: l-20 environmental samples, one 

MS&fSD pair; 21-40 environmental samples, two MSMSD pairs, etc. NEESA requires that 

one field duplicate be collected at the same location as the MS/MSD pair. 

6.0 SAMPLE COLLECTION RECORDS AND EVALUATION 

Records of collection of QC samples are kept in the field logbooks and on the Chain-of-Custody 

forms. Evaluation of the results from the QC samples is performed by the laboratory and 

through data validation for the MS/MSD samples. Results of the other QC samples are 

compared to analytical results from the sampling event to determine if any field procedures, or 

sample transportation/handling may have adversely affected the concentrations found in the 

environmental samples. 

7.0 REFERENCES 

Hazardous Waste Remedial Actions Program, 1990. Recmirements for Qualitv Control of 

Analvtical Data. DOEHWP-65/Rl, US Department of Energy, Oak Ridge, Tennessee. 

Naval Energy and Environmental Support Activity, 1998. Sampling and Chemical Analvsis 

Qualitv Assurance Requirements for the Navv Installation Restoration Program. NEESA 
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USZPA, 1988. User’s Guide to the Contract Laboratorv Program. 9240.0-1, Office of 

Emergency and Remedial Response, Washington, D.C. 

USEPA, 1990. Qualitv Assurance/Qualitv Control Guidance for Removal Activities - 

Sampling QA/QC Plan and Data Validation Procedures (Interim Final). EPA/540/G-901004, 

OffIce of Emergency and Remedial Response, Washington, D.C. 



SOP F402 
Slug Testing 



SOP F402 
Revision No.: I 
Date: 1993 
Page 1 of 6 

WELL-HEAD TESTING 
(SLUG-TESTS) 

TABLE OF CONTENTS 

1.0 PURPOSE 

2.0 SCOPE 

3.0 DEFINITIONS 

4.0 RESPONSIBILITIES 

5.0 PROCEDURES 
5.1 Overview 
5.2 Applications 
5.3 Measurements and Measurement Intervals 
5.4 Calculation Methods 

6.0 QUALITY ASSURANCE RECORDS 

7.0 REFERENCES 



SOP F402 
Revision No.: 1 
Date: 1993 
Page 2 of 6 

WELL-HEAD TESTING 
(SLUG-TESTS) 

1.0 PURPOSE 

This SOP provides a general description of the technical methods and field procedures of a 
representative suite of well-head testing (slug tests) to approximate part of the aquifer parameters. 
The well- head tests are to be considered at all times as a reconnaissance of the aquifer parameters 
across an area (the site under investigation); they are never reliable as definitive calculations of those 
parameters either at a point (an individual well) or across an area (the well- field). Aquifer testing 
(pump- tests) to calculate these parameters is discussed in SOP F401. The descriptions herein are 
general in nature and do not apply to a specific well, well-field or project. Prior to designing 
well- head tests as part of a site investigation and during execution of the tests, the Project Manager, 
Site Manager and Program Geohydrologist must consult on the appropriate procedures; these 
procedures must then be recorded in the project documents. 

2.0 SCOPE 

The procedures described here apply to tests for evaluation of the aquifer parameters at sites being 
investigated under both the Underground Storage Tank (UST) Program and the Installation 
Restoration (IR) Program of Navy CLEAN. The well-head tests apply both to consolidated and 
unconsolidated strata; and to confined, semiconfined and phreatic conditions. The aquifer 
parameters subject to evaluation and approximate calculation are the Coefficient of Transmissivity 
and the Hydraulic Conductivity. 

3.0 DEFINITIONS 

The following definitions are extracted or abstracted from standard references (Section 7); further 
discussions are available in those references. 

Hvdraulic Conductivity (Kl - A medium has a hydraulic conductivity (K) of unit length per unit 
time (for example, feet per day [ft/d]) if it will transmit in unit time a unit volume of groundwater 
at the prevailing viscosity through a cross-section of unit area, measured at right angles to the 
direction of flow, under a hydraulic gradient of unit change in head through unit length of flow 
(Lohman 1979). 

Coefficient of Transmissivitv (T) - The transmissivity (T) is the rate (for example, in gallons per 
day per foot of drawdown [gpd/ft]) at which water of the prevailing kinematic viscosity is 
transmitted through a unit width of the aquifer under a unit hydraulic gradient (Lohman 1979). The 
transmissivity is mathematically equivalent to the hydraulic conductivity multiplied by the saturated 
thickness: T = Kb. 

. Saturated Thrckness lb)-The saturated thickness (b) is the distance (for example, in feet [fi]) from 
the elevation of the upper groundwater surface in either a phreatic system (the water table) or a 
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confined or semiconfmed system (the lower boundary of the upper confining or semiconfming layer, 
but not the potentiometric surface in a well) to the elevation of the upper boundary of the lower 
confining or semiconfining layer for the aquifer or water- bearing layer. 

Drawdown (s\ - The drawdown (s) in any well affected by a well- head test is the differential 
distance, usually in feet (ft), between the static (unstressed) water level in the well measured 
immediately prior to the test, and the (stressed) water level at the specified time during the test. 

Pallinn-Head Test - The falling-head test is conducted where the static water level in the subject 
well is nearly instantaneously displaced vertically upward at the initiation of the test; the decay of 
this artificially impressed head is measured against time to provide data for the calculation of 
conductivity or transmissivity. 

smrJ-Head Test - The rising-head test is conducted where the static water level in the subject 
well is nearly instantaneously displaced vertically downward at the initiation of the test; the decay 
of this artificially depressed head is measured against time to provide data for the calculation of 
conductivity or transmissivity. 

Confined Cond . . rtrons - Confined conditions in a water- bearing layer are, found where the 
groundwater is bounded vertically by opposed surfaces or layers that are impermeable to water, and 
where the total head of the system at the upper surface of the groundwater is greater than 
atmospheric pressure. For a confined system, when a well is drilled below the bottom of the upper 
confining layer, the water level in the well rises to an elevation (at least) within or (possibly) above 
the upper confining layer. 

Unconfined (Phreatic) Conditions - Unconfined conditions in a water-bearing layer are found 
where the groundwater is bounded vertically only by a single surface or layer at the bottom of the 
water- bearing layer that is impermeable or semipermeable to water, and where the total head of the 
system at the upper surface of the groundwater is equal to atmospheric pressure. For an unconfined 
or phreatic or water-table system, when a well is drilled below the upper surface of the groundwater, 
the water level in the well does not rise to a significantly higher elevation. 

. . Semiconfined - Semiconfmed conditions in a water- bearing layer are found where the 
groundwater is bounded vertically by opposed surfaces or layers that are less permeable to water 
than the water-bearing layer itself, and where the total head of the system is greater than 
atmospheric pressure. For a semiconfined system, when a well is drilled below the bottom of the 
upper semiconfming layer, the water level in the well rises to an elevation within or above the upper 
semiconfming layer. However, one or both of the semiconfming layers will be, in some fashion, in 
hydraulic and hydrologic communication with the water- bearing layer, and may contribute water 
to or receive water from that layer. 
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4.0 RESPONSIBILITIES 

Proiedt - The Project Manager is responsible for ensuring that project- specific plans are 
in accordance with these procedures, where applicable, or that other, approved procedures are 
developed. The Project Manager is responsible for development of documentation procedures which 
deviate from those presented herein. 

Site Manager - It is the responsibility of the Site Manager to ensure that the procedures herein are 
implemented in the field and to ensure that personnel performing sampling activities have been 
briefed and trained to execute these procedures. 

Field Geolokt - Responsible for determining the need for hydrogeologic testing and has overall 
responsibility for the planning and implementation of the test. Evaluation and interpretation of the 
data is also the responsibility of the Field Geologist. 

Progmm GeoloPist - Responsible for QA/QC oversight of the planning and implementation of the 
test, along with the evaluation of data generated by the test. 

5.0 PROCEDURES ,-.. 

The procedures presented in this section concern the administration and execution of well-head 
tests; the technical content of a given test will be established by the project and program 
management for each instance according to experience and best professional practice. 

5.1 Overviey 

The well-head test will conform to the objectives of the investigation and to standards of good 
practice common in geohydrologic investigations. Sufficient personnel, and sufficient standard and 
special equipment will be available for the intentions of the test. Data collection will conform to the 
practice described in SOP F202 (Water Level, Water/Product Level Measurements and Well Depth 
Measurements); additionally, time will be measured and recorded no less precisely than the nearest 
minute or half-minute, as appropriate, while conforming to the intent of the test. Containment and 
disposal of discharged liquids will conform to the practice described in SOP F504 (Handling of Site 
Investigation Wastes). 

5.2 Apdications 

The well- head test will usually be divided into three stages: 

1. Static measurement 
2. Falling- head test 
3. Rising- head test 
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Each stage will normally be run for no more than 30 minutes. The water level in the test well should 
recover to between 90 and 100 percent of static conditions before beginning the next stage. Should 
the recovery be less than acceptable after 30 minutes from the start of the first stage, or should other 
field conditions conspire adversely, the second stage will not be run. Measurements of recovery 
during the first stage may then be extended to 60 minutes. 

52.1 Static Measurement 

This stage of the well- head test provides the data on static conditions to be used in subsequent 
approximation of the aquifer parameters. The static water levels are to be measured no later than 
immediately prior to the first stage of the test, whether falling-head or rising-head. The levels 
should also have been measured once daily, if possible, for two or more days preceding the test; the 
optimal measurement program would provide continuous measurement and recording of levels in 
all wells to be used for a period of several weeks preceding well- head testing. 

5.2.2 Falling- Head Test 

The falling- head stage of the well- head test is usually conducted before the rising- head. Tlhis stage 
imposes a stress on the water- bearing layer by nearly instantaneously injecting water or introducing 
a solid slug of impermeable material at one point (the test well). This is usually repeated at a large 
number of the available wells in the well-field. The measurements, as recorded from the transducer, 
of the rate of recovery of the drawdown in the well provides data used in approximation of the 
aquifer parameters. The test should be planned to use between 50 and 75 percent of the a.vailable 
displacement in the well, but may use between 1 and 100 percent, at the discretion of the Site 
Manager. The use of a solid slug is favored by the program. The impressed head developed by this 
test must rise above the top of the well screen. 

5.2.3 Rising-Head Test 

The rising- head stage of the well- head test imposes a stress on the water- bearing layer by nearly 
instantaneously extracting water or removing a solid slug of impermeable material at one point (the 
test well). This is usually repeated at a large number of the available wells in the well-field. The 
measurements of the rate of recovery of the drawdown in the well provides data used in 
approximation of the aquifer parameters. The test should be planned to use between 50 and 75 
percent of the available displacement in the well, but may use between 1 and 100 percent, at the 
discretion of the Site Manager. The use of a solid slug is favored by the program. 

5.3 Measurements and Measurement In~emls 

The measurement intervals for water levels in the test well during each stage will be modified from 
the following suggestions: 
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Time Since Start of Test (min) Measurement Freauency (min) 

o-5 0.5 
5-10 1 
10-20 2 
20-60 5 

The actual time and the test time for each reading will be recorded, with the water level measured 
to a precision of 0.01 ft. 

The sequence of stations tested and the frequency of readings will be established by project and 
program management prior to the tests, and will be adjusted according to site conditions during the 
tests. 

5.4 Calculation Methods 

Calculation of the approximate values of the aquifer parameters will follow standard practice, with 
particular reference to the resources of Section 7, or as otherwise noted in the calculation sequence. 
A computer program, AQTESOLV @&field and Rambaugh) or similar or equivalent, may also be 
used; if the computer program is used, an example that has previously been verified by traditional 
calculation will be run as part of the data from the subject site. 

‘I 

6.0 QUALITY ASSURANCE RECORDS 

The readings made during the well-head test may be recorded in field books or on separate forms, 
according to management decisions. The field books will be stored according to SOP F303, with 
photocopies of the specific pages with test data included in the file for each test. The file for each 
test will include the field data, the calculations and graphs, and summaries with references for 
calculations by computer program. 

7.0 REFERENCES 

Chow, V.T. 1964. Handbook of Anplied HydroloE. McGraw-Hill, New York. 

Lohman, S.W. 1979. Ground- Water Hydraulics. Geological Survey Professional Paper 708. U.S. 
Government Printing Office. 

Freeze, R.A. and Cherry, J.A. 1979. aoundwater. Prentice-Hall, Englewood Cliffs. 

Driscoll, F.G., ed. 1986. Groundwater and Wells, 2nd ed. Johnson Filtration Systems, St. Paul. 

Duffield, G.M., Rambaugh, J. 0. 1989. AOTESOJ,V. Aquifer Test Solve& Version 1.00 
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DECONTAMINATION OF DRILLING RIGS AND 
MONITORING WELL MATERIALS 

1.0 PURPOSE 

The purpose of this SOP is to provide a general reference regarding the proper 

decontamination of drilling rigs and monitoring well materials used in the performance of 

field investigations. 

2.0 SCOPE 

This procedure addresses drilling equipment, test pit equipment (i.e. backhoe) and monitoring 

well material decontamination and should be consulted during the preparation of project- 

specific plans. This procedure does not pertain to personnel decontamination, or to chemical 

sampling or field analytical equipment decontamination. 

3.0 DEFINITIONS 
,-- 

Decontamination - Decontamination is the process of removing or neutralizing contaminants 

which may have accumulated on field equipment. This process ensures protection of personnel 

from penetrating substances, reduces or eliminates transfer of contaminants to clean areas, 

prevents mixing of incompatible substances, and minimizes the likelihood of sample cross- 

contamination. 

4.0 RESPONSIBILITIES 

Project Manager - It is the responsibility of the Project Manager to ensure that project-specific 

plans are in accordance with these procedures. Documentation should be developed for areas 

where project plans deviate from these procedures. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these 

procedures are implemented in the field. The Field Team Leader is responsible for ensuring 

the field personnel overseeing decontamination activities, and personnel conducting the 

activities have been briefed and trained to execute these procedures. 
-_ 
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Drilling Inspector (Site Geologist, Rig Geologist etc.) - It is the responsibility of the drilling 

inspector to ensure that the drilling subcontractor follows these, or other project-specific 

procedures as directed by the Field Team Leader. 

5.0 PROCEDURE 

The various drilling equipment and materials involved with test boring, test pit excavation, 

subsurface soil sampling, and monitoring well construction must be properly decontaminated 

to ensure that chemical analysis results reflect actual concentrations present at sampling 

locations. These procedures will minimize the potential for cross contamination between 

sampling locations and the transfer of contamination off site. 

6.1 Equipment 

All drilling equipment involved in field sampling activities shall be decontaminated prior to 

drilling, excavation, or sampling activities. Such equipment includes drilling rigs, badkhoes, 

augers, downhole tools, well casings, and screens. Split-spoon soil samplers and other similar 

soil sampling devices shall be decontaminated according to the procedures given in SOP :F502. 

5.2 Decontamination Procedures 

Prior to drilling, or leaving the site, large equipment not directly utilized for sampling will be 

decontaminated by steam-cleaning in a designated area. The decontamination procedure 

consists of steam-cleaning the equipment, using potable water as the steam source, to remove 

visible signs of soils or wastes, and allowing the equipment to air dry. If necessary, the 

equipment may be cleaned with a scrub brush and alconox/liquinox-water solution prior to 

steam cleaning to remove visible signs of contamination. 

The steam cleaning area will be designed to contain decontamination wastes and waste 

waters, and can be a lined, excavated pit or a bermed concrete or asphalt pad. For the latter, a 

floor-drain must be provided which is connected to a holding tank. A shallow, above-surface 

tank may be used or a pumping system with discharge to a waste tank may be installed. 

At certain sites, due to the type of contaminants or proximity to residences, concerns may exist 
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about air emissions from steam cleaning operations. These concerns can be alleviated by 

utilizing one or more of the following practices: 

l Locate the steam cleaning area on site to minimize potential impacts. 

l Enclose steam cleaning operations. For example, augers and drilling rods can be 

steam cleaned in drums. Tarpaulins also can be placed around the steam cleaning 

area to control emissions. 

For a given project, the location of the steam cleaning area will be identified in the Sampling 

and Analysis Plan. 

Decontamination wastes will be collected and contained unless otherwise directed by 

LANTDIV. The eventual disposition of these wastes will be determined on a project-specific 

basis, but may include on-site treatment and/or transport off site to an approved 

treatment/disposal facility. 

6.0 QUALITY ASSURANCE RECORDS 

Rinsate samples may be collected from steam-cleaned equipment as quality assurance records. 

The frequency of rinsate samples from either drilling tools or well casings/screens shall be 

specified in the Sampling and Analysis and Quality Assurance Project Plans for a given 

project, as appropriate. Documentation in the field logbook also shall serve as a quality 

assurance record of decontamination activities. 

7.0 REFERENCES 

None. 
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DECONTAMINATION OF SAMPLING AND 
- 

MONITORING EQUIPMENT 

1.0 PURPOSE 

The purpose of this SOP is to provide a general methodology and protocol, and to reference 

information for the proper decontamination of field chemical sampling and analytical 

equipment. 

2.0 SCOPE 

This procedure applies to all field sampling equipment including, but not limited to, split- 

barrel soil samplers (split-spoons), bailers, beakers, trowels, filtering apparatus, and pumps. 

This procedure should be consulted when decontamination procedures are being developed as 

part of project-specific plans. Additionally, current USEPA regional procedures and 

decontamination guidance as well as state guidance should be reviewed. 

3.0 DEFINITIONS 

Decontamination - Decontamination is the process of removing or neutralizing contaminants 

which may have accumulated on field equipment. This process ensures protection of personnel 

from penetrating substances, reduces or eliminates transfer of contaminants to clean areas, 

prevents mixing of incompatible substances, and minimizes the likelihood of sample cross- 

contamination. 

4.0 RESPONSIBILITIES 

Project Manager - It is the responsibility of the Project Manager to ensure that project-specific 

plans are in accordance with these procedures. Documentation should be developed for areas 

where project plans deviate from these procedures. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these 

procedures are implemented in the field. The Field Team Leader is responsible for ensuring 

field personnel performing decontamination activities have been briefed and trained to 

execute’these procedures. 
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Sampling Personnel - It is the responsibility of field sampling personnel to follow these 

procedures, or to follow documented, project-specific procedures as directed by the Field Team 

Leader. * 

a0 PROCEDURES 

In order to ensure that chemical analysis results reflect actual concentrations present at 

sampling locations, sampling equipment must be properly decontaminated prior to the field 

effort, during the sampling program (i.e., between sampling locations) and at the conclusion of 

the sampling program. This will minimize the potential for cross-contamination between 

sampling locations and the transfer of contamination off site. 

Preferably, sampling equipment should be dedicated to a given sampling location. If this is 

not possible, equipment must be decontaminated between sampling locations. Sampling 

personnel also must use disposable gloves and change them between sampling locations. 

51 Samplinv Equipment Decontamination Procedures 

Soil and sediment sampling equipment including, but not limited to trowels, beakers, dredges, 

etc., shall be decontaminated using the following USEPA Region procedures. 

The following sections summarize decontamination procedures for USEPA Regions I through 

IV for overall comparison. Each region should be contacted prior to initiation of sampling 

activities to assure that the most recent, accepted decontamination procedures are used. 

USEPA Region I 

Prior to use, all sampling equipment should be carefully cleaned using the following 

procedure: 

f=- 

1. A dilute hydrochloric acid rinse 
2. Deionized water rinse 
3. Methanol or acetone rinse; and, 
4. Distilled, organic-l&e water rinse. 
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For badly contaminated equipment, a hot water detergent wash may be needed prior to the 

rinse procedure. Additionally, a hexane rinse also may be needed, prior to the final distilled 

water rinse, when sampling for low-level organic pollutants 

USEPA Region II 

Prior to use, all sampling equipment will be decontaminated using the following procedure: 

1. Low-phosphate detergent wash (i.e., Alconox or Liquinox) 
2. Tap water rinse 
3. 10 percent nitric acid solution rinse 
4. Tap water rinse 
5. Methanol followed by a hexane or an acetone rinse 
6. Analyte-free deionized water rinse 
7. Air dry 
8. Wrap in aluminum foil, shiny side out, for storage or transport 

If the samples will not be analyzed for metals, then steps 3 and 4 may be omitted; if samples 

will not be analyzed for organics, then step 5 may be omitted. All solvents must be pesticide- 

grade. 

USEPA Region III 

Prior to use, all sampling equipment will be decontaminated using the following procedure: 

1. Potable water rinse 
2. Alconox or Liquinox detergent wash 
3. Scrubbing, as necessary 
4. Potable water rinse 
5. 10 percent nitric acid rinse 
6. Distilled-deionized water rinse 
7. Methanol or hexane rinse 
8. Distilled-deionized water rinse 
9. Air dry 

USEPA Region IV 

..--- 

The general decontamination procedure for Region IV is similar to that for Regions II and III. 

However, there may be some specialized procedures applicable to certain types of field 

equipment such as equipment used for the collection of samples for analysis of trace organic 

compounds, automatic wastewater sampling equipment, sampling tubing, and miscellaneous 

-. 
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equipment (i.e., pumps, hand augers, etc.). The most current version is “Standard Operating 

Procedures and Quality Assurance Manual,” USEPA Region IV, Environmental Services 

Division, Environmental Compliance Branch (see Appendix B in February 1,199l version). 

5.2 FieId Analytical Equipment Decontamination 

Field analytical equipment which may come in direct contact with the sample or sample 

media, including, but not limited to water level meters, water/product level meters, pH or 

specific ion probes, specific conductivity probes, thermometers, andlor borehole geophysical 

probes must be decontaminated before and after use, according to the procedures outlined in 

Section 5.1, unless manufacturers instructions indicate otherwise. Probes that contact water 

samples not used for laboratory analyses may be rinsed with distilled water. Probes which 

make no direct contact (e.g. HNu or OVA probes) will be wiped clean with clean paper towels 

or an alcohol-saturated cloth. 

6.0 QUALITY ASSURANCE RECORDS 

Decontamination procedures are monitored through the collection of equipment rinsate 

samples and field blanks. Collection of these samples shall be specified in the project-specific 

Sampling and Analysis and Quality Assurance Plans following the requirements of 

NEESA 20.2-047B. Documentation recorded in the field logbook also shall serve as a quality 

assurance record. 

7.0 REFERENCES 

NEESA 20.2-047B. SamplinF and Chemical Analvsis Qualitv Assurance Reauirements for 

the Navy Installation Restoration Program. Naval Energy and Environmental Support 

Activity. Port Hueneme, CA. June 1988. 

U. S. EPA Office of Waste Program Enforcement. RCRA Ground Water Monitoring Technical 

Enforcement Guidance Document (TEGD). OSWER Directive 9950.1. 1986. 

U. S. EPA. Standard Operating Procedures and Qualitv Assurance Manual. Environmental 

Compliance Branch, U. S. EPA Environmental Services Division, Athens, Georgia. 1991. 
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Micham, J. T., R. Bellandi, E. C. TifYt, Jr. “Equipment Decontamination Procedures for 

Ground Water and Vadose Zone Monitoring Programs: Status and Prospects.” in Ground 

Water Monitoring Review. Spring 1989. 
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1.0 PURPOSE 

The purpose of this SOP is to provide guidance for the disposal of investigation derived wastes 

(IDW) under the Navy CLEAN Installation Restoration (IR) Program. 

2.0 SCOPE 

This procedure describe8 the eteps necessary to dispose of site. investigation derived wastes 

that are generated during field investigations. These wastes may be either hazardous or 

nonhazardous in nature. The nature of the waste (hazardous or nonhazardous) will determine 

how the wastes will be handled during the field investigation. The sources of waste material 

depend on the site activities planned for a project. The following types of activities (or sources) 

that are typical of site investigations, may result in the generation of waste material which 

must be properly handled: 

l Soil borings and monitoring well construction (drill cuttings) 

a Mud rotary drilling ( potentially contaminated mud) 

l Monitoring well development (development water) 

l Groundwater sampling (purge water) 

l Heavy equipment decontamination (decontamination fluids) 

l Sampling equipment decontamination (decontamination fluids) 

8 Personal protective equipment CPPEI (health and safety disposables) 

3.0 DEFINITIONS 

Investigation Derived Waste (IDW’) - A waste (hazardous or nonhazardous) generated during a 

Navy-authorized field investigative task that has been properly labeled, stored, and 

containerized while awaiting final di8pO8itiOn. These wastes may include drilling muds, soil 

cuttings, and purge water from test pit and well installation; purge water, soil, and other 

material8 from collection of samples; rrMidUe8 (e.g., aeh, spentcarbon, well development purge 

water) from testing of treatment technologies and pump and treat eyeterns; contaminated 

PPE; and solutions ueed to decontaminate non-disposable PPE and equipment (USEPA, April 

1992, ;. 

,- 
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4.0 RESPONSIBILITIES 

LANTDIV - LANTDIV or the facility must ultimately be responsible for the final disposition 

of site wastes. As such, an Activity representative will usually prepare the disposal manifests 

in the event off-site disposal is required. However, it may be the responsibility of Baker, 

depending on the contingency discussions during execution of the investigation to provide 

assistance to the Activity in arranging for final disposition and preparing the manifests. The 

Activity representative will be required to sign all manifests. 

Project Manager - It is the responsibility of the Reject Manager to select investigation 

methods that minimize the generation of waste material, where possible, and to work with the 

Activity and LANTDIV NTR in determining the final disposition of site investigation wastes. 

The Project Manager will relay the results and implications of the chemical analysis of the 

waste or associated material, and advise on the regulatory requirements and prudent 

measures appropriate to the disposition of the material. The Project Manager also is 

responsible for ensuring that the site manager and/or field team leader for the site, L familiar 

with the procedures to be implemented in the field, and that all required field documentation 

has been completed. 

Site Manager/Field Team Leader - The Site Manager or Field Team Leader is responsible for 

the on site supervision of the waste handling procedures during the site investigations. The 

Site Manager or Field Team Leader also is responsible for ensuring that all other field 

personnel are familiar with these procedures. 

6.0 PROCEDURES 

5.1 Preliminary Activities 

Prior to the initiative of site activities the expected sources, media, and quantities should be 

estimated, and potential contaminants certified, as well as the method(s) of containerizing and 

staging of these materials. ’ 
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5.2 Designation of Potentially Hazardous and Nonhazardous IDW 

Wastes generated during the field investigation can be categorized as either potentially 

hazardous or nonhazardous in nature. The designation of such waste8 will determine how the 

wastes will be handled. The criteria for determining the nature of the waste, and the 

subsequent handling, is described below for each type of investigative waste. 

5.2.1 Drill Cuttings/Mud 

Drill cuttings and mud generated during the augering of test (soil) borings and monitoring 

well installation boreholes, will be containerized in 55gallon drums or in lined roll-off boxes. 

AB the borehole is augered, and soil samples collected, the site geologist will monitor the 

cuttings/samples with an HNu photoiouization @ID) unit for organic vapors. In addition, the 

site geologist will describe the soils in a field logbook. Upon completion, the soil borings will 

be backfilled with a cement-bentonite grout. 

5.2.2 Monitoring Well Development and Purge Water .-“. 

All site development and purge water shall be containerized in 55-gallon drums, tankers, or 

large (250-gallon) containers. 55-gallon drums will initially be strategically located at the site 

(i.e., next to each well). 

5.2.3 Decontamination Fluids 

Equipment and personal decontamination fluids shall be containerized in 55-gallon drums or 

tanks, if appropriate. The fluids shall be collected from each of the “decon”/wash pads on a 

daily basis. Decontamination fluids containing solvents and/or acids may be containerized 

separately. 

5.2.4 Personal Protective Equipment 

All personal protective equipment (e.g., tyvek, gloves, and other health and safety disposables) 

shall be double bagged and placed in a 55-gallon drum or a dump box, which will be provided 

by the Activity. The Activity will ultimately dispose of these materials. 
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5.3 Containerization 

Waste materials should be segregated to minimize disposal quantities of hazardous materials. 

For instance, soils from a particular boring will be placed in a single set of containers for that 

boring. Development and purge water from a given well may be placed in the same set of 

containers; however, water from different wells should be placed in different containers unless 

otherwise stipulated by the Project Plans. 

Polyethylene or other suitably compatible liners will be used in roll-off boxes for solids. The 

containers are to remain closed except when filling, emptying or sampling. The container lid 

shall be securely attached at the end of each work day or when the container is completely 

empty. 

5.4 Labeling 

When 55gallon drums are used to containerize IDWs, the containers will be closed, numbered 

and labeled by the field team during the site investigation. Labeling shall be performed using 

spray paint and a stencil kit. Information shall be recorded both on the container lid and its 

side. Container labels shall include, as a minimum: 

l Date 

0 Sitenumber 

l CT0 number 

l Boring or well number 

l Matrix (liquid, solid) 

l Contents (dev. water, decon fluids, etc.) 

l Contaminant of concern (PCBs, solvents, metals, etc.) 

If laboratory analysis reveals that containerized materials are hazardous or contain PCBs, 

additional labeling of containers may be required. The project management will assist 

LANTDIV in additional labeling procedures, if necessary, after departure of the Seld team 

from the facility. These additional labeling procedures will be based upon the identification of 

material present; EPA regulations applicable to labeling hazardous and PCB wastes are 

contained in 40 CFR Parts 261,262 and 761. 
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5.5 Container Storage 

Containers of site investigation wastes shall be stored in a designated and secure area that is 

managed initially by Baker and subsequently by the Environmental Management Division 

(EMD) of the facility until disposition is determined. All containers shall be covered with 

plastic sheeting to provide protection from weather. 

If the laboratory analysis reveals that the containers hold hazardous or PCB waste, additional 

storage and/or security measures may be implemented; in the absence of the investigation 

team, this will be the responsibility of LANTDIV or the facility, as confirmed by the 

contingency discussions. 

Baker will assist LANTDN in devising the storage requirements, which may include the 

drums being staged for easy access or on wooden pallets or other structures to prevent contact 

with the ground. Weekly inspections of the temporary storage area by facility personnel may 

also be required. These inspections may assess the structural integrity of the containers and 

proper container labeling. Also, precipitation that may accumulate in the storage area may 

need to be removed. These weekly inspections and precipitation removal events, shall be 

recorded in the site logbook. 

-. 

6.6 Container Disposition 

The disposition of containers of site investigation generated wastes shall be determined by 

LANTDIV, the Activity, and regulatory personnel with the assistance of Baker, as necessary. 

Container disposition shall be based on quantity of materials, types of materials, and 

analytical results. If necessary, specific samples of contained materials may be collected 

identify further characteristics which may affect disposition. Typically, container disposition 

will not be addressed until after receipt of applicable analytical results; these results are 

usually not available until long after completion of the field investigation at the facility. 

6.7 Disposal of Contaminated Materials 

Actual disposal methods for contaminated materials disturbed during a site investigation are 

the same as for other PCB or hazardous substances: incineration, landf?lling, treatment, and ..- 
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so forth. The responsibility for disposal must be determined and agreed upon by all involved 

parties during negotiations addressing this contingency. 

The usual course will be a contractor specialist retained to conduct the disposal. However, 

regardless of the mechanism used, all applicable Federal, state and local regulations shall be 

observed. EPA regulations applicable to generating, storing and transporting PCB or 

hazardous wastes are contained in 40 CFR Parts 262,263 and 761. 

Another consideration in selecting the method of disposal of contaminated materials is 

whether the disposal can be incorporated into subsequent site cleanup activities. For example, 

if construction of a suitable on-site disposal or treatment structure is expected, contaminated 

materials generated during the site investigation may be stored at the site for 

treatment/disposal with other site materials. In this case, the initial containment (i.e., drums 

or other containers) shall be evaluated for use as long-term storage. Also, other site 

conditions, such as drainage control, security and soil types must be considered in order to 

provide proper storage. 

6.0 QUALITY ASSURANCE RECORDS 

A container log shall be maintained in the site log book. The container log shall contain the 

same information as the container label plus any additional remarks or information. Such 

additional information may include the identification number of a representative laboratory 

sample. Weekly inspections of the drum or dump box storage areas will be performed and 

documented in the site log. 

7.0 REFERENCES 

Federal Register 40 CFR Parts 261,263 and 761. 
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GEOPHYSICS: GROUND PENETRATING RADAR (GPR) 
--_ 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information and technical guidance on 

the methods and techniques of ground penetrating radar (GPR). 

2.0 SCOPE 

These procedures provide overall technical guidance. 

3.0 DEFINITIONS 

Bistatic Antenna - An antenna system in which transmitting and receiver coils are housed in 

separate antenna units. 

Deconvolution - A computer processing method. The process of undoing the effect of another 

filter (in this instance the “earth”). A process that removes ringing, multiples, ghosts, and 

some background noise (Sheriff, 1973). 

Dielectric Permittivitv - (Also known as the relative dielectric permittivity): 1. A complex 

number consisting of a real and imaginary part, which uniquely describes the propagation and 

attenuation of electromagnetic energy in every material. The real dielectric permittivity 

(dielectric constant) characterizes the propagation and reflection of electromagnetic (EM) 

waves, while the imaginary part (dielectric loss) characterizes the attenuation of EM signal 

(Kutrubes and Olhoeft, 1987). 2. A measure of the capacity of a material to store charge when 

an electric field is applied (Sheriff, 1973). 

Electromagnetic Waves - One of the waves that are propagated by simultaneous periodic 

variations of electric and magnetic field intensity and that include radio waves, infrared, 

visible light, ultraviolet, X-rays and gamma rays (Webster’s New Collegiate Dictionary. 

1979). 

- 
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Migration - here velocity varies laterally, data will migrate (relative to the time versus 

antenna distance plot), and ray tracing is used to determine migrated positions (Sheriff, 1973). 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that the project-specific 

plans are in accordance with these procedures, where applicable, or that other approved 

procedures are developed. The Project Manager is responsible for ensuring that the personnel 

operating and interpreting the geophysical data are trained, skilled in that endeavor, so far as 

to receiving documentation on the training and experience of the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the 

geophysical technique and equipment to be used. It is the responsibility of the Field Team 

Leader to ensure that these procedures are implemented in the field and to ensure that the 

field investigation personnel performing the activities have been briefed and trained to 

execute these procedures. 
,-. 

50 PROCEDURES 

5.1 Overview 

Ground penetrating radar (GPR) is an active geophysical system which transmits high 

frequency electromagnetic (EM) waves into the ground and detects the energy reflected back 

to the surface. GPR operates on a similar principle as seismic reflection, except, instead of 

acoustic waves, electromagnetic waves of radio and microwave frequencies (80 MHz to 1,000 

MHz) are utilized. Electromagnetic signals are reflected back to the surface from interfaces 

with differing electrical properties, such as dielectric permittivity and conductivity. The 

greater the contrast in the real dielectric permittivity (dielectric constant) between two 

materials, the more energy is reflected to the surface. Reflections typically occur at lithologic 

changes, subsurface discontinuities, and internal soil structures such as: 

a Top of bedrock surfaces 
l Soil and rock stratification 
a Water table 
l Seepage and leachate zones 
l Buried metal objects such as drums and utilities 
l Open and water filled voids 
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l Bedrock fractures 
l Archaeological structures 

The depth of penetration of GPR is site specific, being limited by the attenuation of the 

electromagnetic energy. Signal attenuation is controlled by four different mechanisms listed 

below, any or all of which may be present at a site. 

0 Scattering losses 
l Conduction losses 
a Water losses 
0 Clay losses 

Energy losses due to scattering occur when signals are dispersed in random directions, away 

from the receiving antenna, by large irregularly shaped objects, such as boulders and tree 

stumps. 

Signal attenuation due to conduction is a function of the conductivity of a material, which 

varies with mineral composition, the amount of water, and the total dissolved solids (salt, 

heavy metals) within the water. The greater the electrical conductivity values of materials at 

a site, the more signal attenuation (hence less penetration) there will be. 

Energy losses attributed to water occur when water molecules polarize in the presence of the 

applied electromagnetic field. Electromagnetic energy is lost to the radar system when it is 

converted to kinetic and thermal energy as a result of the rotation of water molecules. 

Signal attenuation due to clay losses occurs when electrochemically charged ions polarize 

along clay surfaces in the presence of the electromagnetic field induced by the radar system. 

The migration and subsequent collision of these charged particles causes electromagnetic 

energy to be converted to kinetic and thermal energy, which is lost to the radar system. 

Signal penetration is also dependent on the frequency of the transmitting antenna used in the 

radar system. Higher frequency antennas produce waves with shorter wave lengths, which 

are attenuated more rapidly with depth, but give better resolution. Specially designed 2 MHz 

antennas have been used to detect the ice-rock boundary of a 2 km thick glacier. Penetration 

of up to 76 feet has been reported for water saturated, clean sands in a Massachusetts glacial 

delta using a commercial antenna. Signal penetration in saturated clays, on the other hand, is 

on the order of magnitude of a few inches. Olhoeft (1986a) determined that even 5% clay 
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added to a clean sand and gravel will cause a decrease in penetration by a factor of 20. Salt 

water is also a high loss substance, as signal penetration in sea water is less than a foot. It is 

important to note that in a layered medium a single, highly reflective layer alone can limit 

signal penetration by preventing the propagation of energy through it. In this instance the 

apparent loss of energy is caused by reflection rather than by signal attenuation. 

s.2 Applications and Uses 

Ground penetrating radar (GPR) is a shallow penetrating geophysical profiling system used 

where rapid and accurate surveys are desired. GPR can be used for both area and source 

detection studies. GPR has been used to locate underground pipes, buried drums, foundations, 

voids in rock and concrete, lithologic contacts, determine stratigraphy, depth to the water 

table, and depth to bedrock, locate buried archaeological artifacts, excavations, filled pits and 

lagoons, and numerous other site specific applications. GPR has been used successfully to 

delineate the lateral extent of plumes. Haeni et al. (1985) used GPR to investigate the 

thickness, type, and extent of sediments beneath a frozen lake with a 80 MHz antenna. The 
information acquired with GPR was used to help map the lateral extent of an aquiclude, and 

better estimate inputs to the mass balance equation for water budget calculations. 

A GPR system can be used to determine depths to reflecting discontinuities by conducting a 

depth calibration. Typically, calibration is performed by moving the radar antenna, over a 

metal target of known depth, such as a buried metal plate. Also, if transmitting and receiving 

antennas are housed. in difYerent units, designated as a bistatic antenna system, a common 

depth point (CDP) survey, identical to surveys conducted with seismic reflection, can be used 

to calculate the velocity of the medium, and hence depth to the reflector. Sakayama and 

others (1938) describe another method to calculate velocity from bistatic antennas where the 

receiving antenna is continually moved away from the stationary transmitting antenna. The 

velocities of the died arrival and the fast strong reflector are recalculated from the inverse 

slope of the time-distance display (antenna separation1 on the GPR record in a similar manner 

as seismic refraction. 

To verify GPR results, other geophysical or ground truth methods can be utilized. Haeni et al. 

(1985) utilized seismic refraction to correlate calculated depths of stratigraphic horizons and 

water tables with radar reflections. Magnetometry and electromagnetic induction Imethods 

have been utilized to verify the presence of buried drums and fuel tanks. Electromagnetic 
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induction and electrical resistivity have been utilized to verify the lateral extent of conductive 

plumes. The depth to a particular reflector or target can also be verified by boreholes and/or 

test pit excavation. 

5.3 Equipment 

A ground penetrating radar system, shown on Figure 1, consists of: 

l AC/DC power supply 
0 Control unit (pulse transmitter) 
l Antenna(s) 
l Graphic recorder 
l Digital recorder (optional) 
l Magnetic tape recorder (optional) 
l Coaxial cable which connects the control unit to the antenna 

Typically, radar antennas contain both the transmitter and receiver within one fiberglass 

unit. Once a radar impulse is transmitted, the antenna switches to the receiver mode and 

records reflected radar impulses. The pulse receiver contains an amplifier which increase the 

amplitude of reflected signals. Bistatic antennas (transmitter-receiver are separate) allow the 

coverage of larger areas with one pass, and multi-receiver combinations allow the “stacking” 

of radar data which increases the signal to noise ratio. 

Field data are generally printed by a graphic recorder and simultaneously can be stored on 

magnetic tape or diskette. The graphic recorder produces a continuous time (vertical) versus 

distance (horizontal) profile of the subsurface for field quality control and qualitative 

interpretations. Radar impulses are synchronized with the swept-stylus type graphic 

recorder, producing a dark band proportional to the amplitude of reflected radar signal. 

Because the antenna is moving, each pass of the stylus represents a slightly different antenna 

position, Gradually, as the recorder paper advances under the moving stylus, a pattern of 

reflective interfaces emerges. 

Storage of data on diskette or magnetic tape allows opportunity of additional printing and/or 

computer processing for the refinement of data. Deconvolution of stored data enhances 

stratigraphic reflections from the water table and soil structures (Olhoeft, 1988). Migration of 

data allows easier resolution of metallic targets, such as buried drums, and delineation of 

excavations and sinkholes (Hogan, 1988). 
_- 
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Radar systems are designed to use antennas of various electrical characteristics. Selection of 

the antenna is dictated by the requirements of the survey. If high resolution, near-surface 

data are desired, a small, high frequency antenna is used; if the survey requires deeper 

probing, a larger, lower frequency antenna is used (80,120,250,300,400,500,900, and 1,000 

MHz antennas are commercially available). The drawback of using the lower frequency 

antennas is that resolution of data is sacrificed for penetration. Also, the low frequency 

antennas (less than 250 MHz) are generally not shielded, making them susceptible to 

overhead power line noise and spurious reflections from passing cars. The 900 and 1,000 MHz 

antennas are used almost exclusively for short penetration projects such as the detection of 

rebar in concrete, as their penetration is generally limited to 2 to 3 feet. 

5.4 Field Procedures 

The majority of time involved with any GPR survey is spent establishing survey lines in the 

area of investigation so that detected anomalies can be easily located and excavated. Survey 

lines should be set to maximize coverage, while maintaining a grid spacing proportional to the 

presumed target dimensions. A minimum survey line spacing of 10 feet is desired when 

looking for a 1,009 gallon fuel tank, while a larger spacing of 50 feet or more may be used to 

define the lateral extent of a conductive plume. 

At the onset of any GPR survey the radar control unit should be adjusted for the anticipated 

depth of penetration. Adjustments of the time window of exploration should be made by 

estimating the velocity of the medium and desired depth of penetration. Most surveys can be 

effectively conducted with a minimum time window of 50 nanoseconds. 

Accurate determination of the depth to any layer requires calibration of the radar system. The 

easiest way of calibrating the GPR system to specific settings is by burying a plate at a 

measured depth, and moving the antenna slowly along the survey line. The plate will produce 

on the GPR record a thick, dark band, parabolic or flat in shape, with many multiple 

reflections beneath it. Once a certain confidence level is attained from depth calibration, the 

survey is conducted by slowly pulling the antenna along survey lines. A slow walking pace 

increases the horizontal resolution as radar signals are propagated in a 15 to 45 degree cone 

from the bottom of the antenna. A slow walking pace is recommended for hazardous waste 

investigations as targets are better defined and easier to resolve. On the other hand, the radar 
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antenna can be towed from the back of a car or truck at speeds up to 10 miles an hour if the 

“target” is a continuous reflector, such as the water table. 

5.5 Interpretation 

A typical GPR record is shown on Figure 1. A representation of a single GPR signal pulse is 

shown along the side of the record. The horizontal scale of the record is maintained by 

marking on the record the locations of survey stations as they are reached by the antenna. 

Accurate determination of the vertical scale (i.e., conversion of a time into a depth) requires 

calibration of the radar system. If the depth to a known reflector can not be determined 

through calibration or verification using boreholes and test pits, the velocity of the medium 

can be approximated from relationships involving the velocity of the medium, and the 

dielectric constant (real dielectric permittivity) of the medium. Values of the dielectric 

constant can be found in GSSI (19741, and Kutrubes (1986). It is important to note that the 

relationship is no longer valid when signal losses are great. The depth to the reflector can be 

calculated from time and velocity values. 

Interpretation of GPR data is subjective, even among experienced interpreters. The strength 

of a reflected signal and/or the continuity of that reflector across the record may be indicative 

of a stratigraphic contact. The water table in an unconfined sand and gravel aquifer may also 

produce a similar signature on the GPR record. The strong continuous reflector shown in 

Figure 2 delineates the contact between bedrock and unconsolidated materials. Point targets, 

such as buried drums, pipes, boulders, tree stumps, etc., create a distinctive parabolic feature 

on GPR records. Positive identification of point targets are subjective, as the GPR signature of 

a pipe is similar to that of a large boulder. 

Figure 3 shows the characteristic parabolic signal created by a point target, underground 

storage tanks in this instance, which are situated in a clean sand and gravel deposit. Metallic 

objects, such as buried drums and pipes, also produce a characteristic parabolic signal on the 

record, and sometimes produces a “ringing” noise, denoted by the heavy, dark banding, as 

shown in Figure 3. 

Recorded data from diskettes or magnetic tapes can be enhanced using numerous computer 

processing methods to remove constant noise problems, such as ringing,. or to sharpen up 

geologic contact features and point target boundaries. Such methods are described in detail by 
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Hogan (1988) and Olhoeft (19881. Computer processing is costly and generally not necessary 

in most instances. 

5.6 Advantages/Disadvantapes 

Advantages of ground penetrating radar systems include: 

l Rapid coverage of an area 
l GPR is a non-destructive technique 
l Portable equipment 
l Provides high vertical resolution profiles in the field for immediate interpretation 

Ground penetrating radar provides a cost effective way of evaluating a large site in a short 

amount of time. One day of work coverage completed by GPR may be equivalent to four or five 

days of work with seismic refraction or electrical resistivity. The GPR method is “non- 

destructive” in that it does not require any excavation or probing of the overburden materials, 

although verification of anomalies should be conducted. 

Equipment can be easily loaded in the back of a truck as most pieces comprising the radar 

system weigh under 40 pounds. The 80 MHz antenna weighs about 100 pounds and is less 

portable as it is approximately 4 feet wide. 

Limitations of radar systems include: 

l Survey lines must be cleared to ground level 
l Multiple receiver antennas are generally required to stack and process radar data 
l Penetration is site specific, requiring data corroboration using alternative geophysical 

methods and/or verification 
l Interpretations are subjective 

To maximize resolution and minimize scattering losses, survey lines must be as level as 

possible to prevent the bouncing and jarring of the radar antenna. Survey lines cleared of 

debris also allow the antenna to be pulled at an even, continuous pace, permitting the easy 

determination of horizontal scale. 

Application of GPR to a site is limited by soil type and presence of high loss materials. In New 

England, the presence of glacial tills, and lacustrine and marine clays limit the depth of 

penetration. Delineation of buried drums beneath a conductive plume also may not be 
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possible. The unpredictability of radar effectiveness requires that site investigations be 

conducted with alternative geophysical methods, such as electromagnetic induction, seismic 

refraction, magnetometry, and/or electrical resistivity. 

6.0 QUALITY ASSURANCE RECORDS 

All data will be recorded in field log books with the following information: date, location, 

personnel on site, start and finish times (in military time), instrument gain and time settings, 

and Contract Task Order number. 
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FILING 

1.0 PURPOSE 

The purpose of this SOP is to provide direction for the distribution and filing of incoming and 

outgoing correspondence. 

2.0 SCOPE 

This SOP outlines the procedures for ensuring that all Navy CLEAN correspondence, 

incoming and outgoing, is distributed properly, and to ensure that the files are complete and 

easily accessible. 

3.0 DEFINITIONS 

Central File - A file located at the office in Beaver, Pennsylvania. When applicable (see 

“Distribution”), the correspondence should be routed first to the president of Baker 

Environmental (APPajak), then to Central File as follows: APPajakKF. 

Copving Bin - A bin where incoming or outgoing correspondence is placed for subsequent 

copying and distribution. The bin is usually located behind the group secretary’s work station. 

CT0 File - A file within the Program File that contains correspondence specific to a CTO. The 

CT0 file is divided into a number of subfiles for organizational purposes and easy access of 

information. 

Daily File - A chronological file which contains copies of all outgoing Baker correspondence. A 

bin for the Daily File is located on top of the main SRN mail boxes. 

Distribution - A listing of personnel who will receive copies of specific incoming or outgoing 

correspondence. Distribution includes those individuals identified on the “CC” (carbon copy) or 

“bee” (blind carbon copy) listing. The “Program File” (PROG F) will always be included on the 

“bee” distribution list. The Central File (CF) will be listed on the “bee” at the discretion of the 

author of the outgoing correspondence or the receiver of the incoming correspondence. The CF 

must be included on the “bee” for Final deliverables and contractual correspondence. 
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File Bin - A bin where incoming correspondence is placed for subsequent filing in the Program 

Files. The Filing Bin is located behind the group secretary’s work station. 

Incoming Correspondence - Includes all letters, reports, data, contractual documents, 

photographs, invoices, or other information forwarded to Baker from LANTDIV, 

subcontractors, or other parties associated with the Navy CLEAN Program. 

Navy CLEAN Stamp - A stamp that will be placed on incoming correspondence so that the 

correspondence is properly distributed and placed in the appropriate file. See Exhibit A. 

Outgoing Correspondence - Includes all letters, deliverables, data, contractual documents, or 

other information generated by Baker and forwarded to LANTDIV, subcontractors, or other 

parties associated with the Navy CLEAN Program. 

Program File - A centrally located tile that will contain all correspondence pertaining to the 

Navy CLEAN Program. 

Project File - A file that is kept by the Project Manager for the specific CTO. There are no 

specific formats or requirements for the Project File. The filing of information in the Project 

File is at the discretion of the Project Manager or person who generated or received 

correspondence. 

Attachment A provides a Subfde - A breakdown of common information within a CT0 File. 

listing of Subfiles for the Program Management CTC (i.e., CTO-OOW19493) and Attachment 

B provides a listing of standardized Subfiles applicable to all other CT&. 

4.0 RESPONSIBILITIES 

Addressee - The person receiving the correspondence is responsible for stamping the 

correspondence and filling out the information on the stamp and then placing the 

correspondence in the “copying bin” for subsequent copying, distribution, and filing ‘by the 

reproduction clerk. 
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Reproduction Technician/File Clerk - He/she is responsible for ensuring that all information 

on the stamp or “bee” attachment is completely filled out by the addressee or sender before 

making copies and filing. 

Author.- The person generating the outgoing correspondence (i.e., Project Managers, Program 

Manager, Technical Staff, etc.) is responsible for identifying the “cc” listing, the “bee” listing, 

the correct Service Order Number, and the Subfile Number on the correspondence. 

Secretary - The person responsible for ensuring that the Service Order Number and File 

Number are included on all outgoing correspondence. Both the Service Order Number and the 

File Number will be placed below the “bee” distribution list. 

5.0 PROCEDURES 

5.1 Incomixw Correspondence 

5.1.1 STEP ONE: The Addressee stamps relevant incoming correspondence with the 

Navy CLEAN Stamp. 

In cases of Express Mail, the person receiving the Express Mail package is responsible for 

stamping the original. Stamps will be located near each secretary/word processing station, 

and also in the copy room. Exhibit A shows this stamp. 

EXHIBIT A 

NAVY CLEAN FILING STAMP 

Date Received: 
Project Manager: 
CT0 Number: 
bee: 

Subfile No. : 
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5.1.2 STEP TWO: Fill out the filing stamp information. 

The stamp will contain the following information to be filled out by the person (addressee) 

receiving the incoming correspondence: 

Date Received: Self-explanatory in most cases. If you are out of the off& for an extended 

period of time, it may be more difficult to know the exact date that the mail was received by 

Baker. However, in most cases, all incoming mail is opened in the mail room and is stamped 

on the back with the date received. 

Project Manager: Identify the Project Manager’s initial, even if the letter is addressed to you 

and you are not the Project Manager. 

CT0 Number: Use only the first 5 digits (e.g., 19002,19024, etc.) 

bs identify who should be copied. For incoming mail, the following persons should ALWAYS 

be included: 

WDTrimbath/JWMentz/PROG F(origina1); the remaining names are to the addressee’s 

discretion 

For contractual documents, APPajakCF and the CLEAN Contracts Administrator shou.ld also 

be included. 

Subfile No. : The person filling out the stamp must decide what category or subfile (within a 

CTC file) the document should be filed. Attachment A provides a listing of subfiles for CTO- 

0001/19493 (Program Management) and Attachment B provides a listing of subfiles for all 

other CTOs. This listing should be placed somewhere in your office for easy access (e.g., on 

your wall). 
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STEP THREE: After you have filled out the information on the stamp, place it in 

the “copy bin” located near the Secretarial work station. 

OutPoing Correspondence 

All letters, reports, etc. will contain a line under the “bee” that identifies the subfile number. 

This line will be included on all outgoing correspondence. This line must be filled out by the 

person authoring the letter. An example is given below: 

bee: APPajak/CF; WDTrimbath/JWMentxiPROG F; 
DPBlack(ck)/RPWattrasTPF; Daily File 
S.O. #19003-62-SVZ 
Subfile No.: 4 

The letter will then be filed under the “First Tier Subcontracts - Other” category under CT0 

19003. 

6.0 QUALITY ASSURANCE RECORDS 

None. 

7.0 REFERENCES 

Reviewed by Contract Administrator, August 1993. 

-. 



ATTACHMENT A 

NAVY CLEAN SUBFILE NUMBERS FOR CTO-0001/19493 ONLY 

SUBFILE NO. DESCRIPTION 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

MONTHLY PROGRESS REPORTS 

PERSONNEL ACQUISITION 
A. PERFORMANCE 
B. ACQUISITION 

CORRESPONDENCE 
A. PROGRAM 
B. MISCELLANEOUS 
C. MEETING MINUTES 

PROJECT SCOPING/SITE VISITS/NEGOTIATIONS 

ADP SYSTEM 

QMQC 
A. CONTRACT MGMT. PLAN (CMP) 
B. CONTRACTOR QUALITY CONTROL PLAN (CQCP) 
c. SOPS 
D. AUDITS 

CONTRACT ADMINISTRATION (LANTDIV) 

FIRST TIER SUBCONTRACT ADMINISTRATION (RFW) 

FIRST TIER SUBCONTRACT ADMINISTRATION @WE> 

FIRST TIER SUBCONTRACT ADMINISTRATION (BOAS) 
A. LABS-IRP 
B. LABS-UST 
C. DRILLER 
D. SURVEYORS 
E. CHBM HILL 
F. OTHERS 

MINORITY AND SMALL DISADVANTAGED BUSINESSES 

‘PROGRAM TRAVEL 

INVOICES TO LANTDIV 
A. INVOICES 
B. CONTRACTPERFORMANCE STATEMENTS 



ATTACHMENT A (CONTINUED) 

NAVY CLEAN SUBFILE NUMBERS FOR CTO-0001/19493 ONLY 

SUBFILE NO. DESCRIPTION 

14. BAKER PMS REPORTS 

15. INTERNAL SOPa/POLICIES/PROCUREMENT MANUAL 

16. MISC. TECHNICAL SUPPORT 

17. MISCELLANEOUS 
A. FIELD SUPPLY PURCHASES 
B. DASH #/BUDGET INFORMATION 

18. AWARD FEE 

.- 



ATTACHMENT B 

NAVY CLEAN SUBFILE NUMBERS FOR CTO-0002 through 9999 

SUBFILE NO. DESCRIPTION 

1. 

2. 

3. 

4. 

5. 

6. 

7. PHONE REPORTS/SITE VISIT REPORTS/MEETING MINUTES 

8. CORRESPONDENCE (letters, internal correspondence) 

9. INVOICES (drilling, analytical, surveying, vendors) 

10. QA/QC (validation reports, audit reports) 

11. MISCELLANEOUS (Photographs,etc.) 

BACKGROUND/HISTORICAL INFORMATION (reports or correspondence 
associated with previous investigations) 

NAVY CONTRACT DOCUMENTS (implementation plans/fee proposals; 
contract modifications; etc.) 

FIRST TIER SUBCONTRACTS (Contract documents pertaining to RFW or 
FWE) 

FIRST TIER SUBCONTRACTS - OTHER (Contract documents or 
specifications pertaining to drillers, data validation, laboratories, etc.) 

REPORTS (all reports prepared by Baker under this CT01 

DATA (field-generated data, boring logs, field notebooks, data received from 
laboratories, etc.) 
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,“DII 1.0 INTRODUCTION AND INVESTIGATION OWECTIVES 

A surface geophysical survey was conducted from October 28 to November 1, 1993, at Solid 

Waste Management Units (SWMUs) 11 and 45 at Naval Station, Roosevelt Roads in Puerto 

Rico. These SWMUs comprise Installation Restoration CIRI Site 16. The survey objectives 

were to characterize subsurface conditions by delineating suspected tunnels leading to 

Building 38, verifying the location of underground storage tanks, and detecting buried 

utilities adjacent to Building 38. 

C-l-l 

-. 



.,f@- 
2.0 MJWHODS OFINVESTIGATION 

2.1 Survey Control 

Geophysical data obtained in the immediate vicinity of Building 38 were referenced to a 

survey grid established on site. The east side of the building served as a baseline and ;a 10 by 

lo-foot grid was set with a tape measure over the (concrete pad) area suspected of covering the 

USTs. The survey grid was extended to include an open area between the building and the 

road where three access ways to the east tunnel were observed. Geophysical data acquired 

away from Building 38, in an attempt to detect the east and west tunnels, were referenced to 

surface features, such as roads and fences. 

A licensed land surveyor was used to develop an accurate site map of physical features as 

shown in Figures 2-l and ‘2-2. The geophysical survey grid and lines of coverage near 

Building 38 and across the tunnels have been superimposed for reference. 

2.2 Ground Penetrating Radar 

Ground penetrating radar (GPR) is an electromagnetic survey technique that reveals a 

graphic cross-sectional view of subsurface stratigraphy and buried objects (i.e., drums, 

pipelines, tanks, boulders, etc.). Data acquisition is continuous along lines of coverage and a 

graphic recorder provides an immediate view of the data, yielding both horizontal (lateral) and 

vertical (depth) control information, Penetration (typically 2 to 8 feet) and resolution are 

determined by the frequency of the antenna, but the overall effectiveness of GPR can be 

limited by. highly reflective materials such as water-saturated clay, salt, slag, or highly 

conductive materials. 

GPR profiling was completed with analog instrumentation that consisted of a GSSI: SIR-7 

mainframe, Adtek graphic recorder, and 500 megahertz antenna. This antenna was selected 

to provide high-resolution recordings of buried objects. 

GPR profiles were obtained in an effort to detect USTs, the east and west tunnels and 

associated access ways, and buried utilities. The overall effectiveness of GPR was limited due 

to steel reinforcing in the concrete tank pad and to the high conductivity of subsurface 

materials. Penetration of the radar signal on the tank pad was 1 to 2 feet and on ground 

surface a maximum depth of 5 feet was achieved. 
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2.3 Electromagnetic Terrain Conductivity 

The conductivity of subsurface materials is determined by measuring the response of the 

ground to an induced magnetic field, Factors affecting in-situ conductivity include porosity, 

moisture content, clay content, and the conductivity of subsurface fluids and materials. 

Hydrogeologic conditions in Puerto Rico, such as a shallow saline water table and near surface 

volcanic rocks rich in magnetite, would yield relatively high levels of conductivity. 

Former excavations or landfill boundaries may be detected through measurement of lateral 

variations in natural soil/fill material conductivity. This method may also be used to infer the 

presence of buried metal objects, such as drums, tanks, or utilities. 

Electromagnetic (EM) terrain conductivity profiling was performed to measure anticipated 

lateral variations in subsurface conductivity due to the presence of the tunnels. 

Instrumentation utilized for this survey included a Geonics model EM-31, with an efhective 

penetration depth of approximately 15 feet when operated in the vertical dipole mode (VDM). 

Both the quadrature-phase (terrain conductivity) and in-phase components of the EM field 

were measured in the vertical dipole mode. The quadrature-phase mode provides a 

measurement of soil conductivity, while the in-phase mode is responsive to the effects of 

highly conductive, buried metallic objects. Terrain conductivity is measured in 

millimhos/meter (mmhos/m) and the in-phase component is measured in parts per thousand 

(ppt) of the primary magnetic field. 

EM-31 data were acquired at five-foot intervals along selected geophysical traverses crossing 

both the east and west tunnel alignments. Profile characteristics obtained across known 

tunnel locations were used in an attempt to develop a standard to identify the tunnel at other 

unknown locations. The conductivity and in-phase measurements were recorded using a 

digital data logger then downloaded to a portable computer for data processing and 

interpretation. 

2.4 MagnetomeW 

Magnetic profiling was performed in an attempt to delineate the tunnels by measuring small 

perturbations to the ambient magnetic field which could be attributed to the steel reinforcing 
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used in construction of the ‘tunnels. A digital proton precession magnetometer (Geometric8 

model G-856X) was utilized along two traverses crossing the east tunnel at known locations. 

A “magnetic signature” of the tunnel could not be discerned and it was therefore decided not to 

continue the magnetometer survey in an area where the location of the west tunnel was 

unknown and where existing surface structures would be potential sources of interference, 

further complicating the magnetic profile and interpretation. 
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3.0 RESULTS 

3.1 Site Conditions 

The geophysical investigation for USTs and buried utilities covered the vicinity immediately 

around Building 38, which was fairly open and easily accessible. Much of the outerlying 

areas, i.e., between Building 38 and the shore, were densely vegetated and access was limited. 

With the aid of a (recently obtained) drawing of the plant and facilities, access ways along the 

east tunnel were visually detected in the field and could be used to trace the tunnel from the 

shore to Building 38. Similarly, two access ways closest to the building were detected along 

the west tunnel. (These access ways were later located by the surveyors and included on the 

site map.) 

The remaining alignment of the west tunnel, ‘as depicted by the old drawing, continued 

through a stretch of dense vegetation, crossed beneath a power line and an old incinerator, and 

then paralleled the road leading to the landfill, as shown on Figure 2-2. 

3.2 Subsurface Characterization 

A combination of geophysical techniques were used to locate USTs, buried utilities, and the 

tunnels associated with Building 38 as discussed in the following subsections. 

3.2.1 Underground Storage Tanks 

It had been reported that two USTs were located near the northeast corner of Buildi.ng 38. 

GPR was conducted in this area which is covered by a concrete pad measuring approxilmately 

50 by 100 feet. Figure 2-1 shows the location of the pad and GPR traverses. 

The radar records showed the concrete pad to be heavily reinforced with steel bars. The tight 

spacing of the reinforcing bars limited penetration of the radar signal to approximately one 

foot. Therefore, it was not possible to verify the presence/absence of the tanks beneath the 

concrete pad. 
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3.2.2 Buried Utilities 

GPR coverage was extended south of the tank pad and included a traverse on each side of 

Building 38 in order to detect buried utilities, i.e., primarily drain pipes on site. The lines of 

coverage and the interpreted results are provided on Figure 2-1. 

Penetration of the radar signal was significantly greater off the concrete. Subsurface geology 

and buried objects were discernible to a depth of five to six feet. Of most significance is a linear 

feature trending mostly north-south across the site at a depth of 4 to 5 feet. The inferred trend 

of the suspected utility is shown on Figure 2-1. 

Small, discrete objects, which could include inorganic debris or soil/rock aggregates, were 

detected mostly near the access ways. 

Subsurface conditions on site appear to be inhomogeneous and disturbed, characteristic of 

previous excavation activities and placement of backfill materials. Soil and/or bedrock 

structure was observed on some of the radar records, most noticeably at coordinates 6OE/llOS, 

where dipping structure has been interpreted as a bedrock low and possibly associated with a 

sinkhole condition. 

-.. 

GPR traverses along the perimeter of the building located a possible shallow buried pipe off 

the northeast corner of the plant. 

3.2.3 East/West Tunnels 

A combination of EM terrain conductivity, magnetometry, and GPR techniques were utilized 

in an attempt to detect the tunnels. Several geophysical traverses crossing the east tunnel at 

known locations, as shown on Figures 2-l and 2-2, were unsuccessful in developing a 

consistent signature or pattern in the data which could be attributed to the presence of the 

tunnel and used to verify its location. 

Several traverses (Lines 7 - 19) were ‘obtained across the suspected alignment of the west 

tunnel (obtained from an old drawing of the plant). There was no correlation between the EM 

data and the suspected location of the tunnel. (EM and magnetic data profiles are provided in 

Attachment Cl.) 
.-- 
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Similarly, radar coverage obtained along a portion of the west tunnel between the old 

incinerator and the landfill, did not detect the tunnel. Although several small, shallow objects 

were detected, they appear to be unrelated to the tunnel or access way structures. 
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4.0 SUMMARY AND CONCLUSIONS 

Electromagnetic terrain conductivity (EM), magnetometry, and ground penetrating radar 

(GPR) were utilized in a geophysical investigation to characterize subsurface conditions near 

Building 38 by verifying the location of underground storage tanks, by detecting buried 

utilities adjacent to the building, and by delineating two tunnels. 

GPR records indicated that the concrete tank pad is heavily reinforced with steel bars, thereby 

minimizing penetration of the radar signal and masking identification of deeper structures. 

Delineation of tanks beneath the pad, either individual metallic tanks or tanks which1 might 

be integral with the concrete pad, proved to be unsuccessful. 

Radar coverage in other areas identified a potential near-surface drain off the northwest 

corner of Building 38 and a linear feature extending southeast of the concrete tank pad, 

interpreted to be a buried utility at a depth of 4 to 5 feet. 

Geophysical techniques were unsuccessful in developing a consistent instrument response at 

known locations over the east tunnel, which was traced in the field by visually &ating all the 

access ways along the alignment. Similarly, no unique data signature or pattern attributable 

to a tunnel was observed along the suspected alignment of the west tunnel. However, neither 

the presence nor the absence of the west tunnel can be confirmed based on the geophysical 

data. 

Measured levels of conductivity were high in the vicinity of Building 38, along the east tunnel 

alignment, and on the landfill, averaging 100 to 200 mmhos/m. Levels averaging 50 to 100 

mmhos/m were encountered along the suspected alignment of the west tunnel between 

Building 38 and the landfill. Site history and present surface conditions do not explain the 

two-fold variation in conductivity levels observed between the east and west sides of 

Building 38. 
- 
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APPENDIX D 

DATA VALIDATION METHODOLOGIES 

This appendix provides the detailed data validation methodologies to be followed for the N!TRR RFI. 

The following analytical methods are addressed: 

0 SW-846 Methods 6010,700O Series and 9010; 

0 SW-846 Method 8080; 

0 SW-846 Method 8140; 

0 SW-846 Method 8150; 

0 SW-846 Method 8240; 

0 SW-846 Method 8270; and 

0 SW-846 Method 8330 

Methods which are not standard SW-846 will be validated as appropriate to the analysis using the 

CLP, the National Functional Guidelines and best professional judgement of the independent, third 

part, data validator (Heartland Environmental Services, Inc.) 



,y-*. SW-846 Methods 6010,700Os. 9010 

GUIDELINES FOR INORGANIC DATA REVIEW 
SW-846 METHODS 6010,700O SERIES, 9010 

DQO LEVEL IV DATA PACKAGES 

Data Deliverables Required: 

Case Narrative 
Chain of Custody 
Form Is 
Form 2A - Calibration Standards Data 
Form 3 - Calibration and Preparation Blank Data 
Form 4 - Interference Check Standard Data 
Form 5 - Matrix Spike/Matrix Spike Duplicate Data 
Form 6 - Duplicate Data 
Form 7 - Laboratory Control Standard Data 
Form 8 - Standard Addition Data 
Form 9 - Serial Dilution Data 
Form 10 - 13 - Quarterly Required Data (Documentation only) 
Form 14 - Runlog Data 

,-, (Equivalent Forms are acceptable providing all of the required information is 
presented) 

Review Requirements: 

Raw Data Verification 
Holding Times 
Initial and Continuing Calibration percent recoveries 
Method and Calibration Blank contamination and sample associations 
MS/MSD recoveries and RPDs 
Laboratory Control Standard recoveries 
Post-digestion results for GFAA 
Serial Dilution RPDs 
Samples results 

Holding Times 

Review items: Form Is and Sample Chain of Custody 

Criteria: Verify the sample holding time based on the time of collection 
to the time of analysis. 

hdz 

6010, 7OOOs, 9010 - 1 



SW-846 Methods 6010, 7000s. 9010 

Holding Times - continued 

Technical holding times for water and soils samples are as 
follows: 

Metals: 
Mercury: 
Cyanide: 

180 days 
28 days 
14 days 

All samples must be preserved. 

A c tion: If the samples holding times were exceeded, qualify/reject the 
samples based on the following guidance: 

Mercury and Cyanide 

1) 1 Day - 5 Days 

a 

al Positive and non detect results are qualified as 
estimated, J/UJ. 

>5 Days 

a) Positive results are qualified as estimated, J, and 
non-detect results are rejected, R. 

TAL Metals 

1) >I Day 

a) Positive and non detect results are qualified as 
estimated, J/UJ. 

Calibration Standards Results 

Review items: Form IIA 

Criteria : Verify the initial and calibration standards are acceptable. 

6010 
7000 series 
Cyanide 

90% - 110% 
80% - 120% 
85% - 115% 

6010, 7OOOs, 9010 - 2 



,- SW-846 Methods 6010,7OOOs, 9010 

Calibration Standards Results - continued 

A c Con: 6010 

1) 

2) 

3) 

,- 

4) If the percent recovery is less than 75%: 

If the percent recovery is greater than 125%: 

a) Reject, R, the positive results for the non 
compliant element. 

If the percent recovery is greater than the upper control 
limit, but less than 125%: 

a) Qualify all positive results for the non compliant 
element as estimated, J. 

If the percent recovery is below the lower control limit, 
but greater than 75%: 

a) Qualify all positive and non detect results for the 
non compliant element as estimated, J/UJ. 

4 Reject, R, the positive and non detect results for 
the non compliant element. 

7000 series 

1) If the percent recovery is greater than 140%: 

4 Reject, R, the positive results for the non 
compliant element. 

a If the percent recovery is greater than the upper control 
limit, but less than 140%: 

4 Qualify all positive results for the non complliant 
element as estimated, J. 

6010, 7000s 9010 - 3 



SW-946 Methods 6010, 7000s. 9010 
,-- 

Calibration Standards Results - continued 

3) If the percent recovery is less than the lower control 
limit, but greater than 60%: 

a) Qualify all positive and non detect results for the 
non compliant element as estimated, JIUJ. 

4) If the percent recovery is less than 60%: 

a) Reject (RI the positive and non detect results for 
the non compliant element. 

9010 - Cyanide 

1) If the percent recovery is greater than 135%: 

a) Reject, R, the positive results for the non 
compliant element. 

2) If the percent recovery is greater than the upper control 
limit, but less than 135%: 

a) Qualify all positive results for the non compliant 
element as estimated, J. 

3) If the percent recovery is below the lower control limit, 
but greater than 65%: 

a) Qualify all positive and non detect results for the 
non compliant element as estimated, JNJ. 

. 
4) If the percent recovery is less than 65%: 

a) Reject, R, the positive and non detect results for 
the non compliant element. 

Blanks (Method, Field CIA, and Calibration) 

Review items: Form III 

6010, 7OOOs, 9010 - 4 



SW-846 Methods 6010,7000s, 9010 

Blanks (Method, Field QA, and Calibration) - continued 

Criteria: Verify that a method blank has been analyzed for sample 
extraction lot. All method blanks should be free of 
contamination. If a problem exists with u blank, all 
associated samples must be evaluated to determine whether 
there is inherent variability in the data or if the problem is an 
isolated occurrence not affecting other data. 

Action: 1. 

2. 

3. 

4. 

5. 

If an analyte is found in the blank but not in the 
associated sample(s), no action is required. 

Any analyte result that is detected at a concentration 
greater than the IDL but less than five times (5X) the 
concentration detected in any blank will be qualified as 
non-detect, U. Any positive analyte result that is found 
at a concentration greater than five times (5X) the 
concentration detected in any blank will not be qualified. 

The reviewer should take note that the blank analysis 
may not involve the same weights, volumes, or dillution 
factors such as associated samples. These factors must 
be taken into consideration when applying the 5X blank 
criteria. 

The validator must review the field QA blank, including 
trip, rinseate, and field blanks and all associated salmples. 
Apply the same data validation guidelines used in 
assessing the method blanks. 

Qualification/Action Codes for Blanks: 

u: The sample result is greater than the IDL 
and less than five times (5X) the blank 
value. Qualify the sample result as non 
detect, U. 

No Action: The sample result is greater than the IDL 
and greater than five times (5X) the blank 
value 

6010, 7OOOs, 9010 - 5 



SW-846 Methods 6010, 7000s. 9010 

Matrix Spike/ Matrix Spike Duplicate Results 

Review items: Form V 

Criteria : Spike recovery must be within the recovery limits of 75% to 
125%. Spike recovery limits do not apply when sample 
concentration exceeds the spike concentration by a factor of 4 
time or more ( >4X). 

Action: 1) If the percent recovery is greater than the upper control 
limit (125%): 

a) Qualify all positive results for the non compliant 
element as estimated, J. 

a If the percent recovery is less than the lower control 
limit, but greater than 30%: 

a) Qualify all positive and non detect results for the 
non compliant element as estimated, J/UJ. 

3) If the percent reconvey is than 30%: 

a) Reject, R, the non detect results for the non 
compliant element and qualify positive results as 
estimated, J. 

Duplicate Results 

Review items: 

Criteria: 

Action: 

Form VI 

If the reported samples results are greater than five times (5X) 
the CRDL: the Duplicate RPD must be less than 20% for water 
samples and 35% for soils. 

If the reported sample results are less than five times (5X) the 
CRDL: the Duplicate RPD must be less than the CRDL for water 
samples and two times (2X) the CRDL for soils samples. 

All positive results for the elements are qualified as estimated, 
J, when the RPD criteria has been exceeded. 

6010,7000s, 9010 - 6 



SW-846 Methods 6010, 7000s. 9010 

Laboratory Control Standards Results 

Review items: Form VII 

Criteria: Water Samples: 

LCS recovery must be within the recovery limits of 80% ‘to 
120%. 

Soil Samples: 

LCS recovery must be within the EPA soil control limits (vary 
element to element). 

Action: Water Samples 

1) If the percent recovery is greater than the upper control 
limit, 120%: 

a) Qualify all positive results for the non compliant 
element as estimated, J. 

2) If the percent recoveries are below the lower control 
limits, but greater than 50%: 

a) Qualify all positive and non detect results for the 
non compliant element as estimated, JNJ. 

3) If the percent recovery is less than 50%: 

a) Reject, R, the positive and non detect results for 
the non compliant element. 

Soil Samples 

1) If the percent recovery is greater than the upper control 
limit: 

a) Qualify all positive results for the non compliant 
element as estimated, J. 

6010, 7OOOs, 9010 - 7 



SW-846 Methods 6010, 7OOOs, 9010 

Laboratory Control Standards Results - continued 

a If the percent recovery is below the lower control limits 

a) Qualify all positive and non detect results for the 
non compliant element as estimated, J/UJ. 

Interference Check Standard Results 

Review items: Form IV 

Criteria : All Samples: 

The interference check standard recovery must be within the 
recovery limits of 80% to 120%. 

Action: All Samples 

1) If the percent recovery is greater than the upper control 
limit, 120%: 

a) Qualify all positive results for the non compliant 
element as estimated, J. 

2) If the percent recoveries are below the lower control 
limits, 80%: 

a) Qualify all positive and non detect results for the 
non compliant element as estimated, JNJ. 

Serial Dilution Results 

Review items: Form IX 

Criteria: All Samples: 

Serial Dilution RPDs must be within the recovery limits of 
* 10%. 

6010, 7OOOs, 9010 - 8 



SW-946 Methods 6010, 7OOOs, 9010 

Serial Dilution Results - continued 

Action: All Samples 

1) If the RPD is greater than 10%: 

a) Qualify all positive results for the non compliant 
element as estimated, J. 

Raw Data Verification 

Review items: Form 1, Form 14, and raw data 

Criteria: All Samples: 

Verify that the results reported on the Form Is reflect the 
results as reported in the raw data. 

Action: All Samples 

I) If the raw data does reflect what has been reported on 
the Formls, notify the contractor and the laboratory for 
immediate correction. 

Post Digestion Spike Results 

Review items: Form VIII and raw GFAA Data 

Criteria : Verify that a post-digestion Spiking was performed for all GFAA 
elements. 

7000 series 85% - 115% 

A c tion: 7000 

1) If the percent recovery is greater than 115%: 

a) Qualify, J, the positive results for the non 
compliant element. 

6010, 7OOOs, 9010 - 9 



SW-846 Methods 6010, 7OOOs, 9010 

Post Digestion Spike Results - continued 

a If the percent recovery is below 85%: 

a) Qualify all positive and non detect results fo,r the 
non compliant element as estimated, J/UJ. 

_-. 

6010, 7OOOs, 9010 - 10 



SW-846 Method 8080 

GUIDELINES FOR ORGANIC DATA REVIEW 
SW-846 METHOD 8080 

DO0 LEVEL IV DATA PACKAGES 

Data Deliverables Required: 

l 

l 

* 

l 

l 

l 

l 

l 

l 

a 

l 

l 

Case Narrative 
Chain of Custody 
Form 2 - Surrogate Recovery Summary 
Form 3 - MS/MSD results 
Form 3A - QC Check Sample results (LCS) 
Form 4 - Method Blank Summary 
Form Is with chromatograms and quantitation pages 
Form 6 - %RSDs and Calibration Factors with raw data 
Form 7 - %Ds and Calibration Factors with raw data 
Form 7D - %Breakdown for 4,4’-DDT and Endrin with raw data 
Form Is - Method Blank raw data 
Form Is - MS/MSD, LCS raw data 

:- 
(Equivalent Forms are acceptable providing all of the required 
information is presented) 

Review Requirements: 

l Holding Times 
l Surrogate Recoveries 
l MWMSD recoveries and RPDs 
l LCS recoveries 
* Method Blank contamination and sample associations 
l Initial Calibration %RSDs, calibration factors, and raw data 
l Continuing Calibration %Ds, calibration factors, and raw data 
l Sample results, CRQLs, and raw data 

Hoiding Times 

Review hems: Form 1, Sample Chain of Custody 

Criteria: Verify the sample holding time based on the time of collection to 
the time of extraction and the time of extraction to the time of 
analysis. 

8080-I 



SW-846 Method 8080 

Holding Times - continued 

Action: 

Technical holding times for water samples are as follows: 

Water Samples cooled to 4°C (*2”C): 7 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

Technical extraction holding times for soil samples are as follows: 

Soil samples cooled to 4°C (st2”C): 14 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

1. If the samples were properly preserved and the sample 
holding times were exceeded, qualify the positive and non 
detect sample results as defined by Table 1. 

2. If the samples were not properly preserved and the 
temperature of the samples exceeded 4°C ( f 2”C), reject 
(R) all sample results. 

Table 1 - Holding Time Qualifications 

Sample Results 1 Day - 5 Days 6 Days - 15 Days > 15 Days 

Positive Results J J J 
‘.....‘....‘.;.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.;.: . . . . . . . ..A.. /.i,.,/.i_.,.,.,.,.,.,,,.,.,...,.,.,.,.,.,.,.,.,.,.,.,.,...,.,...,.,...,.,.,.,,,.,.,.,. Non Detect Results .,._.i,.,.,.,.,.,.,.i ~~~~~~~~~~~~ UJ R 

Surrogates 

Review Items: Form Ils, chromatograms and quantitation pages. 

Criteria: Verify the sample surrogate recoveries are within the QA/QC 
limits established by the laboratory. Verify that surrogate 
recoveries were calculated correctly. 

Recoveries for the surrogate compound(s) in the samples and 
method blanks must be within QA/QC criteria. 

8080-2 



SW-846 Method 8080 

Surrogates - continued 

Action: 1. If the surrogate recovery is greater than the upper control 
limit (UL): 

a) Qualify all positive results as estimated, J (Table 2). 

2. If the surrogate recovery is less than the lower control limit 
(LL), but is greater than 10%: 

a) Qualify all positive and non detect results as 
estimated, J/UJ (Table 2). 

3. If the surrogate recovery is less than 10%: 

a) Qualify all positive results as estimated, J, and 
reject, R, all non detect results (Table 2). 

Table 2 - Surrogate Recovery Qualifications 

Sample Results 

Positive Results 

Non Detect Results 

< 10% >lO%<LL 

J J 

R UJ 

Matrix Spike/Matrix Spike Duplicate (MS/MSD) 

Review Items: Form Ill, chromatograms and quantitation pages. 

Criteria: Verify the MS/MSD recoveries and RPDs are within the advisory 
limits established by the laboratory. MS/MSDs are analyzed at a 
frequency of one MS/MSD per twenty (20) samples of similar 
matrix. 

Action: 

Verify that MS/MSD recoveries were calculated correctly. 

No action is taken on the MS/MSD alone. However, the data 
reviewer may use professional judgement in conjunction with 
other QA/QC criteria to determine the need for qualification of the 
data. 

8080-3 



SW-846 Method 8080 

QC Check Sample (Laboratory Control Sample) 

Review Items: Form IIIA, chromatograms and quantitation pages. 

Criteria: Verify the LCS recoveries are within the advisory limits 
established by the laboratory. LCS’ are analyzed at a frequency 
of one (1) LCS per Sample Delivery Group (SDG). 

Verify that LCS recoveries were calculated correctly. 

Action: The data reviewer may use professional judgement in conjunction 
with other QA/QC criteria to determine the need for qualification 
of the data . 

If a compound exhibits a 0% recovery: 

a) Qualify the positive results for the compound as estimated, 
J, and reject, R, non detect results. 

Blanks (Method and Field QA Blanks) 

Review Items: Form I, Form IV, chromatograms and quantitation pages. 

Criteria: Verify that a method blank has been analyzed for each sample 
matrix analyzed with each analytical sequence. All method blanks 
should be free of contamination. If a problem exists with jany 
blank, all associated samples must be evaluated to determine 
whether there is inherent variability in the data or if the problem 
is an isolated occurrence not affecting other data. 

Action: 1. If a compound is found in the blank but not in the 
associated sample(s), no action is required. 

2. Any compound detected in the sample, which was also 
detected in the associated blank, must be qualified by 
elevating the limit of detection or adjusting the limit of 
detection to the reported sample result, when the sample 
concentration is less than five (5) times the blank 
concentration. 

8080-4 



SW-846 Method 8080 

Blanks (Method and Field QA Blanks) - continued 

3. The reviewer should take note that the blank analysis may 
not involve the same weights, volumes, or dilution factors 
such as associated samples. These factors must be taken 
into consideration when applying the 5X blank criteria. 

4. The validator must review the field QA blank, including trip, 
rinseate, and field blanks and all associated samples. 
Apply the same data validation guidelines used in assessing 
the method blanks. 

5. Qualification/Action Codes for Blanks: 

CRQL: The sample result is less than the CRQL and 
less than five times (5x) the blank value. 
Reject (R) the sample result and the “B” 
qualifier flag and report the result as non 
detect at the CRQL. 

u: The sample result is greater than the CRQL 
and less than five times (5X) the blank value. 
Cross out the “B” qualifier flag and qualify the 
sample result as non detect, U. 

No Action: The sample result is greater than the CRQL 
and greater than five times (5X) the blank 
value. Cross out the “B” qualifier flag. 

Initial Calibration 

Review Items: Form VI’s, chromatograms and quantitation pages. 

Criteria: Verify the initial calibration is linear for all compounds (20% RSD) 
and that all of the calibration factors are acceptable. 

Verify that the calibration factors and %RSDs were calculated 
correctly. 

8080-5 



SW-846 Method 8080 

Initial Calibrations - continued 

A c tion: 1. If the initial calibration is not linear for a compound(s), 
>20% RSD, but is less than 90% RSD (Table 3): 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J. 

2. If the initial calibration is not linear for a compound(s), 
>90% RSD (Table 3): 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J and reject, R, non 
detect results. 

Table 3 - Initial Calibration Qualifications 

Sample Results 

Positive Results 

Non Detect Results 

Continuing Calibration 

Review Items: Form VII, chromatograms and quantitation pages. 

Criteria: Verify the continuing calibration is capable of producing 
acceptable qualitative and quantitative data (15% D) and that 
all of the calibration factors are acceptable. 

Verify that the %D calculations were performed correctly. 

A c tion: 1. If the continuing calibration is not acceptable for a 
compound(s), > 15% D, but is less than 50% D (Table 
4): 

8080-6 



SW-846 Method 8080 

Continuing Calibrations - continued 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
compliant compound(s) as estimated, J. 

2. If the continuing calibration is not acceptable for a 
compound(s), >50% D, but is less than 90% D (Table 
4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive and non detect 
results for the non compliant compound(s) as 
estimated, JIUJ. 

3. If the continuing calibration is not acceptable for a 
compound(s), >90% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
linear compound(s) as estimated, J and reject, R, 
non detect results 

Table 4 - Continuing Calibration Qualifications 

Sample Results >15%< 50% > 50%1 90% 

Positive Results J J 
::::::.:.:.?Y:::.:.:(.:,: > ,.,.,:,:,:: :: ‘:.‘-:.~~‘~:‘a::::::::::::~~:~:~:~:~:~:~~~~:~:~:~:~~:~:~:~:~:~:~:~:~,~~:~.~~~~~~~~~~~~~~~~~ (, ,, ,\ Non Detect Results ~~~~~~~~~~~~~~~: UJ . . . . . . . . . . 

Breakdown Standard 

Review Items: Form VIID, chromatograms and quantitation pages. 

Criteria: Verify the %breakdowns for 4,4’-DDT and Endrin are < 20% and 
that combined breakdown is less than 30%. 

Verify that the breakdown calculations were performed properly. 

8080-7 



SW-846 Method 8080 

Breakdown Standard - continued 

Action: 1. If the breakdown for either compound is greater than 20%: 

a) All positive results for 4,4’-DDT or endrin are 
qualified as estimated, J. 

b) If 4,4’-DDT or endrin were not detected but the 
breakdown products were detected, then the non- 
detect results for 4,4’-DDT or endrin are rejected 
(I?), and all positive results for the breakdown 
products are qualified as presumptively present at an 
estimated concentration, NJ. 

2. If the combined breakdown for either compound is 
greater than 30%: 

a) All positive results for 4,4-DDT and endrin are 
qualified as estimated, 

b) If 4,4’-DDT or endrin were not detected but the 
breakdown products were detected, then the non- 
detect results for 4,4’-DDT or endrin are rejected 
(R), and all positive results for the breakdown 
products are qualified as presumptively present at an 
estimated concentration, NJ. 

Compound Quantitation and Reported CRQLs 

Review Items: Form Is, Form Xs, Sample Chromatograms and quantitation pages 

Criteria: Verify the reported CRQLs are accurate and have been adjusted 
appropriately based on dilutions, concentrations, etc. Review the 
chromatograms and quantitation pages to ensure that required 
dilutions are performed, sample matrix interference does not 
suppress the detection of target compounds, and that false 
positives or false negatives were not reported. Verify that 
reported compounds are within the RTWs on both columns. 
Verify sample quantitation calculations. 
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SW-846 Method 8080 

Compound Quantitation and Reported CRQLs - continued 

Action: 1) If the CRQLs are incorrect based on sample dilutions or 
percent moisture: 

a) Reject (R) the reported CRQLs and report the correct 
CRQLs. 

a If qualitative criteria is not met; i.e. the reported results are 
not with the RTWs on one or both columns or matrix 
interferences are present: 

a) the reported results should be rejected, R, and 
amended to non-detect. The reviewer may need to 
use professional judgement to assign an appropriate 
quantitation limit, considering any interferences 
which could be affecting the accurate identification 
of target compounds. If interferences preclude the 
identification of a target compound on one of the 
analytical columns then the result should be 
rejected, R. 

3) If false negative results are noted; i.e. a compound with 
peaks which fall within the RTW on both columns but was 
not reported: 

a) the reviewer should use professional judgement to 
determine whether the result should be reported. A 
detailed discussion of decisions should be included 
in the case narrative. 

4) For the multi-component compounds, if marginal pattern 
matching quality is noted: 

a) the reviewer should use professional judgernent to 
determine if weathering has occurred. If the 
identification is uncertain but the presence of the 
aroclor, toxaphene, or chlordane is highly suspected 
(if pattern is good on one (1) column and marginal 
on the other column) then the result should be 
reported and qualified as presumptively present, N. 
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SW-846 Method 8140 

GUIDELINES FOR ORGANIC DATA REVIEW 
SW-846 METHOD 8140 

DQO LEVEL IV DATA PACKAGES 

Data Deliverables Required: 

0 

0 

l 

l 

l 

a 

l 

l 

l 

l 

l 

Case Narrative 
Chain of Custody 
Form 2 - Surrogate Recovery Summary 
Form 3 - MWMSD results 
Form 3A - QC Check Sample results (LCS) 
Form 4 - Method Blank Summary 
Form 1s with chromatograms and quantitation pages 
Form 6 - %RSDs and Calibration Factors with raw data 
Form 7 - %Ds and Calibration Factors with raw data 
Form Is - Method Blank raw data 
Form Is - MS/MSDs, LCS raw data 

(Equivalent Forms are acceptable providing all of the required 
information is presented) 

Review Requirements: 

Holding Times 
Surrogate Recoveries 
MS/MSD recoveries and RPDs 
LCS recoveries 
Method Blank contamination and sample associations 
Initial Calibration %RSDs, calibration factors and raw data 
Continuing Calibration %Ds, calibration factors and raw data 
Sample results, CRQLs, chromatograms and quantitation pages 

Holding Times 

Review hems: Form I, Sample Chain of Custody 

Criteria: Verify the sample holding time based on the time of collection to 
the time of extraction and the time of extraction to the time of 
analysis. 
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SW-846 Method 8140 

Holding Times - continued 

Technical holding times for water samples are as follows: 

Water Samples cooled to 4°C (3~2°C): 7 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

Technical holding times for soil samples are as follows: 

Soil samples cooled to 4°C (+2”C): 14 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

Action: 1. If the samples were properly preserved and the holding 
times were exceeded, qualify the positive and non detect 
sample results as defined by Table 1. 

2. If the samples were not properly preserved and the 
temperature of the samples exceeded 4°C ( f 2”C), reject 
(R) all sample results. 

Table 1 - Holding Time Qualifications 

Sample Results 1 Day - 5 Days 6 Days - 15 Days > 15Days 

Positive Results J J J 
‘:‘:‘:‘::::::“““‘................ ,.A., ‘,.,.“““:‘:‘:‘~.:.~.:‘:.:.:.:.:. :.:.:. :.:v:.: ‘.‘.‘.:.:.~,.:.:.::::::::::::::::::::::j . . . . ,‘,,..,,.“.......‘.,.,,,.,~~~,~ Non Detect Results ~~~~~~~~~~~ 

7.. UJ R 

Surrogates 

Review Items: Form II, chromatograms and quantitation pages. 

Criteria: Verify the sample surrogate recoveries are within the QA/QC 
limits established by the laboratory. 

Verify that surrogate recoveries were calculated correctly. 

Recoveries for the surrogate compound(s) in the samples and 
method blanks must be within QA/QC criteria. 
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Surrogates - continued 

A c tion: 1. If the surrogate recovery is greater than the upper control 
limit (UL): 

a) Qualify all positive results as estimated, J (Table 2). 

2. If the surrogate recovery is less than the lower control limit 
(LL), but is greater than 10%: 

a) Qualify all positive and non detect results as 
estimated, J/UJ (Table 2). 

3. If the surrogate recovery is less than 10%: 

a) Qualify all positive results as estimated, $J, and 
reject, R, all non detect results (Table 2). 

Table 2 - Surrogate Recovery Qualifications 

Sample Results 

Positive Results 

Non Detect Results 

< 10% >lO%CLL > UL 

J J J 

7 
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R UJ ‘ia’i’i’i’ijiiij~~~~~~~~~:~~~~~~ i::;:::::y::::::::::L$:::: ,.,.,.. .., . . ..( .* ,... 

Matrix Spike/Matrix Spike Duplicate (MWMSD) 

Review Items: Form III, chromatograms and quantitation pages. 

Criteria: Verify the MS/MSD recoveries and RPDs are within the advisory 
limits established by the laboratory. MS/MSDs are analyzed at a 
frequency of one MS/MSD per twenty (20) samples of similar 
matrix. 

Verify that MS/MSD recoveries were calculated correctly. 

Action: No action is taken on the MS/MSD alone. However, the data 
reviewer may use professional judgement in conjunction with 
other QA/QC criteria to determine the need for qualification of the 
data. 

8 140-3 



SW-846 Method 8140 

QC Check Sample (Laboratory Control Sample) 

Review items: 

Criteria: 

Form IIIA, chromatograms and quantitation pages. 

Verify the LCS recoveries are within the advisory limits 
established by the laboratory. LCS’ are analyzed at a frequency 
of one (1) LCS per Sample Delivery Group (SDG). 

Verify that LCS recoveries were calculated correctly. 

Action: The data reviewer may use professional judgement in conjunction 
with other QA/QC criteria to determine the need for qualification 
of the data . 

If a compound exhibits a 0% recovery: 

a) Qualify the positive results for the compound as estimated, 
J, and reject, R, non detect results. 

Blanks (Method and Field QA Blanks) 

Review Items: Form I, Form IV, chromatograms and quantitation pages. 

Criteria: Verify that a method blank has been analyzed for each sample 
matrix analyzed with each analytical sequence. All method blanks 
should be free of contamination. If a problem exists with m 
blank, all associated samples must be evaluated to determine 
whether there is inherent variability in the data or if the problem 
is an isolated occurrence not affecting other data. 

Action: 1. If a compound is found in the blank but not in the 
associated sample(s), no action is required. 

2. Any compound detected in the sample, which was also 
detected in the associated blank, must be qualified by 
elevating the limit of detection or adjusting the limit of 
detection to the reported sample result, when the sample 
concentration is less than five (5) times the blank 
concentration. 
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Blanks (Method and Field QA Blanks) - continued 

3. 

4. 

5. 

The reviewer should take note that the blank analysis may 
not involve the same weights, volumes, or dilution factors 
such as associated samples. These factors must be taken 
into consideration when applying the 5X blank criteria. 

The validator must review the field QA blank, including trip, 
rinseate, and field blanks and all associated samples. 
Apply the same data validation guidelines used in assessing 
the method blanks. 

Qualification/Action Codes for Blanks: 

CRQL: The sample result is less than the CRQL and 
less than five times (5x) the blank value. 
Reject (R) the sample result and the “B” 
qualifier flag and report the result as non 
detect at the CRQL. 

u: The sample result is greater than the CRQL 
and less than five times (5X) the blank value. 
Cross out the “B” qualifier flag and quallify the 
sample result as non detect, U. 

No Action: The sample result is greater than the CRQL 
and greater than five times (5X) the blank 
value. Cross out the “B” qualifier flag. 

Initial Calibration 

Review Items: Form VI, chromatograms and quantitation pages. 

Criteria: Verify the initial calibration is linear for all compounds (20% RSD) 
and that all of the calibration factors are acceptable. 

Verify that the calibration factors and %RSDs were calculated 
correctly. 

Action: 1. If the initial calibration is not linear for a compound(s), 
>20% RSD, but is less than 90% RSD (Table 3): 
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Initial Calibration - continued 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J. 

2. If the initial calibration is not linear for a compound(s), 
>90% RSD (Table 3): 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J and reject, R, non 
detect results. 

Table 3 - Initial Calibration Qualifications 

Sample Results 

Positive Results 

Non Detect Results 

Continuing Calibration 

Re view items: Form VII, chromatograms and quantitation pages. 

Criteria: Verify the continuing calibration is capable of producing 
acceptable qualitative and quantitative data (15% D) and that 
all of the calibration factors are acceptable. 

Verify that the calibration factors and %Ds were calculated 
correctly. 

Action: 1. If the continuing calibration is not acceptable for a 
compound(s), > 15% D, but is less than 50% D (Table 
4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
compliant compound(s) as estimated, J. 
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Continuing Calibrations - continued 

2. If the continuing calibration is not acceptable for a 
compound(s), >50% D, but is less than 90% D (Table 
4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive and non detect 
results for the non compliant compound(s) as 
estimated, J/U J. 

3. If the continuing calibration is not acceptable for a 
compound(s), >90% D (Table 4): 

al For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
linear compound(s) as estimated, J and reject, R, 
non detect results 

Table 4 - Continuing Calibration Qualifications 

Sample Results > 15%5 50% >50%1 90% 

Positive Results J J 

Non Detect Results UJ 

Compound Quantitation and Reported CRQLs 

Review Items: Form Is, Sample Chromatograms and quantitation pages 

Criteria: Verify the reported CRQLs are accurate and have been adjusted 
appropriately based on dilutions, concentrations, etc. Review the 
chromatograms and quantitation pages to ensure that required 
dilutions are performed, sample matrix interference does not 
suppress the detection of target compounds, and that false 
positives or false negatives were not reported. Verify that 
reported compounds are within the RTWs on both columns. 
Verify sample quantitation calculations. 

8140-7 



SW-846 Method 8 140 

Compound Quantitation and Reported CRQLs - continued 

Action: 1) If the CRQLs are incorrect based on sample dilutions or 
percent moisture: 

a) Reject (R) the reported CRQLs and report the correct 
CRQLs. 

2) If qualitative criteria is not met; i.e. the reported results are 
not with the RTWs on one or both columns or matrix 
interferences are present: 

a) the reported results should be rejected, R, and 
amended to non-detect. The reviewer may need to 
use professional judgement to assign an appropriate 
quantitation limit, considering any interferences 
which could be affecting the accurate identification 
of target compounds. If interferences preclude the 
identification of a target compound on one of the 
analytical columns then the result should be 
rejected, R. 

3) If false negative results are noted; i.e. a compound with 
peaks which fall within the RTW on both columns but was 
not reported: 

a) the reviewer should use professional judgement to 
determine whether the result should be reported. A 
detailed discussion of decisions should be included 
in the case narrative. 
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GUIDELINES FOR ORGANIC DATA REVIEW 
SW-846 METHOD 8150 

DQO LEVEL IV DATA PACKAGES 

Data Deliverables Required: 

l 

l 

Case Narrative 
Chain of Custody 
Form 2 - Surrogate Recovery Summary 
Form 3 - MWMSD results 
Form 3A - QC Check Sample results (LCS) 
Form 4 - Method Blank Summary 
Form Is with chromatograms and quantitation pages 
Form 6 - %RSDs and Calibration Factors with raw data 
Form 7 - %Ds and Calibration Factors with raw data 
Form 1s - Method Blank results 

(Equivalent Forms are acceptable providing all of the required 
information is presented) 

P=--. 
Review Requirements: 

l Holding Times 
l Surrogate Recoveries 
l MS/MSD recoveries and RPDs 
l LCS recoveries 
l Method Blank contamination and sample associations 
l Initial Calibration %RSDs, calibration factors and raw data 
l Continuing Calibration %Ds, calibration factors and raw data 
l Sample results, CRQLs, chromatograms and quantitation pages 

Holding Times 

Review hems: Form I, Sample Chain of Custody 

Criteria: Verify the sample holding time based on the time of collection to 
the time of extraction and the time of extraction to the time of 
analysis. 
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Holding Times - continued 

Technical holding times for water samples are as follows: 

Water Samples cooled to 4°C (*2”C): 7 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

Technical extraction holding times for soil samples are as follows: 

Soil samples cooled to 4°C ( f 2°C): 14 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

Action: 1. If the samples were properly preserved and the sample 
holding times were exceeded, qualify the positive and non 
detect sample results as defined by Table 1. 

2. If the samples were not 
temperature of the samples 
(R) all sample results. 

properly preserved and the 
exceeded 4°C (of: 2”C), reject 

_-_ 

Table 1 - Holding Time Qualifications 

Sample Results 1 Day - 5 Days 6 Days - 15 Days > 15 Days 

Positive Results J J J 
.,.(.,. ., ., ,. .,. .,. .,. (._.,.,. :::::~:::::::::::::::::::~::::::::::::::.:~:::,::::::: :.:,:.:: :,:,:,:,: ::,:::,:::::,:::::::::::::::: :,:,:,:.:. 

Non Detect Results ~~~~~~~~~ 
..I... UJ R . 

Surrogates 

Review Items: Form II, chromatograms and quantitation pages. 

Criteria: Verify the sample surrogate recoveries are within the QA/QC 
limits established by the laboratory. 

Verify that surrogate recoveries were calculated correctly. 

Recoveries for the surrogate compound(s) in the samples and 
method blanks must be within QA/QC criteria. 
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Surrogates - continued 

Action: 1. If the surrogate recovery is greater than the upper control 
limit (UL): 

a) Qualify all positive results as estimated, J (Table 2). 

2. If the surrogate recovery is less than the lower control limit 
(LL), but is greater than 10%: 

a) Qualify all positive and non detect results as 
estimated, J/UJ (Table 2). 

3. If the surrogate recovery is less than 10%: 

a) Qualify all positive results as estimated, J, and 
reject, R, all non detect results (Table 2). 

Table 2 - Surrogate Recovery Qualifications 

Sample Results 

Positive Results 

Non Detect Results 

< 10% >lO%<LL > UL 

J J J 
““““““.‘.‘. ,‘. ._...,.... . . . .-. . . . . . . . . _, .,.~,,.,.,,,.,,,,,,, . . . . .y:. .y;....... :.);.;.):.: . . . . . ,i:.:.;.i:.::::::~::~~:: :.y: ~~;‘:.~y~:~~‘: .... 

UJ 
../ . .._._...... 

R ~~~~~~~~~~~~~~ 

Matrix Spike/Matrix Spike Duplicate (MWMSD) 

Review Items: Form Ill, chromatograms and quantitation pages. 

Criteria: Verify the MWMSD recoveries and RPDs are within the advisory 
limits established by the laboratory. MS/MSDs are analyzed at a 
frequency of one MWMSD per twenty (20) samples of similar 
matrix. 

Verify that MS/MSD recoveries were calculated correctly. 

Action: No action is taken on the MS/MSD alone. However, the data 
reviewer may use professional judgement in conjunction with 
other QA/QC criteria to determine the need for qualification of the 
data. 
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QC Check Sample (Laboratory Control Sample) 

Review Items: Form IIIA, chromatograms and quantitation pages. 

Criteria: Verify the LCS recoveries are within the advisory limits 
established by the laboratory. LCS’ are analyzed at a frequency 
of one (1) LCS per Sample Delivery Group (SDG). 

Verify that LCS recoveries were calculated correctly. 

Action: The data reviewer may use professional judgement in conjunction 
with other QA/QC criteria to determine the need for qualification 
of the data . 

If a compound exhibits a 0% recovery: 

a) Qualify the positive results for the compound as estimated, 
J, and reject, R, non detect results. 

Blanks (Method and Field QA Blanks) 

Review Items: Form I, Form IV, chromatograms and quantitation pages. 

Criteria: Verify that a method blank has been analyzed for each sample 
matrix analyzed with each analytical sequence. All method blanks 
should be free of contamination. If a problem exists with m 
blank, all associated samples must be evaluated to determine 
whether there is inherent variability in the data or if the problem 
is an isolated occurrence not affecting other data. 

Action: 1. If a compound is found in the blank but not in the 
associated sample(s), no action is required. 

2. Any compound detected in the sample, which was also 
detected in the associated blank, must be qualified by 
elevating the limit of detection or adjusting the limit of 
detection to the reported sample result, when the sample 
concentration is less than five (5) times the blank 
concentration. 

3. The reviewer should take note that the blank analysis may 

-. 
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Blanks (Method and Field QA Blanks) - continued 

not involve the same weights, volumes, or dilution factors 
such as associated samples. These factors must be taken 
into consideration when applying the 5X blank criteria. 

4. The validator must review the field QA blank, including trip, 
rinseate, and field blanks and all associated salmples. 
Apply the same data validation guidelines used in assessing 
the method blanks. 

5. Qualification/Action Codes for Blanks: 

CRQL: The sample result is less than the CRQL and 
less than five times (5x) the blank value. 
Reject (R) the sample result and the “B” 
qualifier flag and report the result as non 
detect at the CRQL. 

u: The sample result is greater than the CRQL 
and less than five times (5X) the blank value. 
Cross out the “B” qualifier flag and qualify the 
sample result as non detect, U. 

No Action: The sample result is greater than the CRQL 
and greater than five times (5X) the blank 
value. Cross out the “B” qualifier flag. 

Initial Calibration 

Review Items: Form VI, chromatograms and quantitation pages. 

Criteria: Verify the initial calibration is linear for all compounds (20% RSD) 
and that all of the calibration factors are acceptable. 

Verify that the calibration factors and %RSDs were calculated 
correctly. 

Action: 1. If the initial calibration is not linear for a compound(s), 
>20% RSD, but is less than 90% RSD (Table 3): 
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Initial Calibration - continued 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J. 

2. If the initial calibration is not linear for a compound(s), 
>90% RSD (Table 3): 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J and reject, R, non 
detect results. 

Table 3 - Initial Calibration Qualifications 

Sample Results 

Positive Results 

Non Detect Results 

Continuing Calibration 

Review Items: Form VII, chromatograms and quantitation pages. 

Criteria: Verify the continuing calibration is capable of producing 
acceptable qualitative and quantitative data (I 5% D) and that 
all of the calibration factors are acceptable. 

Verify that the calibration factors and %RSDs were calculated 
correctly. 

Action: 1. If the continuing calibration is not acceptable for a 
compound(s), > 15% D, but is less than 50% D (Table 
4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
compliant compound(s) as estimated, J. 
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Continuing Calibrations - continued 

2. If the continuing calibration is not acceptable for a 
compound(s), >50% D, but is less than 90% D (Table 
4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive and non detect 
results for the non compliant compound(s) as 
estimated, J/UJ. 

3. If the continuing calibration is not acceptable for a 
compound(s), >90% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
linear compound(s) as estimated, J and reject, R, 
non detect results 

Table 4 - Continuing Calibration Qualifications 

Sample Results > 15%1 50% > 5O%i 90% > 90% 

Positive Results J J J 
. . . . . . .., . . . . . . . . . . ., . . ‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.:.:...,:,;,:::.:.:.: .,.,.,.i_.i,.,.,.,.i,.,....~. ~ :,,.,.,., ,_, . . . . ..i .‘..,..>>>):.:.:.> ..,.,..... .,.,.,.,:,:; .‘,,,;,;.,.,.,.,.;,;,,.,,,., 

Non Detect Results ~~~~~~~~~~~~~ UJ R :.‘.:,..:.‘..,‘.,:,.,~.: ,A., ‘.:.‘,:,:.:.‘:... .,.,. .,. ,,. .,,.. . . . . . .:.. . . . . . . . .,... . . . . . 

Compound Quantitation and Reported CRQLs 

Review Items: Form Is, Sample Chromatograms and quantitation pages 

Criteria: Verify the reported CRQLs are accurate and have been adjusted 
appropriately based on dilutions, concentrations, etc. Review the 
chromatograms and quantitation pages to ensure that required 
dilutions are performed, sample matrix interference does not 
suppress the detection of target compounds, and that false 
positives or false negatives were not reported. Verify that 
reported compounds are within the RTWs on both columns. 
Verify sample quantitation calculations. 
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Compound Quantitation and Reported CRQLs, continued 

Action: 1) If the CRQLs are incorrect based on sample dilutions or 
percent moisture: 

a) Reject (RI the reported CRQLs and report the correct 
CRQLs. 

2) If qualitative criteria is not met; i.e. the reported results are 
not with the RTWs on one or both columns or matrix 
interferences are present: 

a) the reported results should be rejected, R, and 
amended to non-detect. The reviewer may need to 
use professional judgement to assign an appropriate 
quantitation limit, considering any interferences 
which could be affecting the accurate identification 
of target compounds. If interferences preclude the 
identification of a target compound on one of the 
analytical columns then the result should be 
rejected, R. ,-- 

3) If false negative results are noted; i.e. a compound with 
peaks which fall within the RTW on both columns but was 
not reported: 

a) the reviewer should use professional judgement to 
determine whether the result should be reported. A 
detailed discussion of decisions should be included 
in the case narrative. 
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GUIDELINES FOR ORGANk DATA REVIEW 
SW-846 METHOD 8240 

DO0 LEVEL IV DAiA PACKAGES 

Data Deliverables Required: 

Case Narrative 
Chain of Custody 
Form 2 - Surrogate Recovery Summary 
Form 3 - MWMSD results 
Form 3A - QC Check Sample results (LCS) 
Form 4 - Method Blank Summary 
Form 5 - Instrument Performance Check Summary with raw data 
Form 8 - internal Standard EICP Area Summary 
Form Is with chromatograms 
Form 6 - %RSDs, Relative Response Factors, and raw data 
Form 7 - %Ds, Relative Response Factors, and raw data 
Form Is - Method Blank raw data 
Form Is - MS/MSD, LCS raw data 

(Equivalent Forms are acceptable providing all of the required 
information is presented) 

Review Requirements: 

Holding Times 
Surrogate Recoveries 
MS/MSD recoveries and RPDs 
LCS recoveries 
Method Blank contamination and sample associations 
BFB Tuning 
Initial Calibration %RSDs and calibration factors 
Continuing Calibration %Ds and calibration factors 
Sample results, CRQLs, chromatograms, and spectra 

Holding Times 

Review Items: Form I, Sample Chain of Custody 

Criteria: Verify the sample holding time based on the time of GQ!&.I&Q to 
the time of analysis. 
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Holding Times - continued 

Action: 

Technical holding times for water samples are as follows: 

Unpreserved Water Samples cooled to 4°C (&2”C): 7 Days 
Preserved Water Samples cooled to 4°C ( f 2°C): 14 Days 

Water samples that have not been maintained at 4°C ( f 2°C) and 
have been preserved to a pH of 2 or below must be analyzed 
within seven (7) days. 

Technical holding times for soil samples are as follows: 

Soil samples cooled to 4°C 1 f 2°C): 14 Days 

1. If the samples were properly preserved and the holding 
times were exceeded, qualify the positive and non detect 
sample results as defined by Table 1. 

2. If the samples were not properly preserved and the 
temperature of the samples exceeded 4°C (&2”C), reject 
(R) all sample results. 

Table 1 - Holding Time Qualifications 

Sample Results 1 Day - 5 Days 6 Days - 15 Days > 15 Days 

Positive Results J J J 
,._. .. . ..i....... ../.,........~,..:.~: .,.,.,...,.,. . . . _, ,_, ,, .l....i.. i....... :.:.:.:,:.:.:.:.:.:.:.:.+$; ,:,:,:, ~ :,),,(\,_,_,, ” ‘. .‘.‘:.‘.‘.:.:.:...:.: Non Detect Results ~~~~~~~~~~~ UJ R 

Surrogates 

Review Items: Form II, chromatograms, and quantitation pages 

Criteria: Verify the sample surrogate recoveries are within the QA/QC 
limits established by the laboratory. Verify that the surrogate 
recoveries were calculated correctly. 

Recoveries for the surrogate compound(s) in the samples and 
method blanks must be within QA/QC criteria. 
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Surrogates - continued 

Action: 1. If the surrogate recovery is greater than the upper control 
limit (UL): 

2. 

a) Qualify all positive results as estimated, J (Table 2). 

If the surrogate recovery is less than the lower contrlol limit 
(LL), but is greater than 10%: 

a) 

3. If the 

a) 

Qualify all positive and non detect results as 
estimated, J/UJ (Table 2). 

surrogate recovery is less than 10%: 

Qualify all positive results as estimated, .J, and 
reject, R, all non detect results (Table 2). 

Table 2 - Surrogate Recovery Qualifications 

Sample Results < 10% >lO%<LL 

Positive Results J J 

Non Detect Results R UJ 

Matrix Spike/Matrix Spike Dupbcate (MWMSD) 

Review Items: Form Ill, chromatograms, quantitation pages, and spectra 

Criteria: Verify the MS/MSD recoveries and RPDs are within the advisory 
limits established by the laboratory. MS/MSDs are analyzed at a 
frequency of one MS/MSD per twenty (20) samples of similar 
matrix. Verify that the MS/MSD percent recoveries and the RPDs 
were calculated correctly. 

Action: No action is taken on the MS/MSD alone. However, the data 
reviewer may use professional judgement in conjunctioln with 
other QA/QC criteria to determine the need for qualification of the 
data. 
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QC Check Sample (Laboratory Control Sample) 

Review Items: Form IIIA, chromatograms, and quantitation pages 

Criteria: Verify the LCS recoveries are within the advisory limits 
established by the laboratory. LCS’ are analyzed at a frequency 
of one (1) LCS per Sample Delivery Group (SDG). 

Action: The data reviewer may use professional judgement in conjunction 
with other QA/QC criteria to determine the need for qualification 
of the data . 

If a compound exhibits a 0% recovery: 

a) Qualify the positive results for the compound as estimated, 
J, and reject, R, non detect results. 

Blanks (Method and Field QA Blanks) 

Review Items: Form I, Form IV, chromatograms, quantitation pages, and spectra 

Criteria: Verify that a method blank has been analyzed for each sample 
matrix analyzed with each analytical sequence. All method blanks 
should be free of contamination. If a problem exists with iaay 
blank, all associated samples must be evaluated to determine 
whether there is inherent variability in the data or if the problem 
is an isolated occurrence not affecting other data. 

Action: 1. If a compound is found in the blank but not in the 
associated sample(s), no action is required. 

2. Any compound (other than acetone, 2-butanone, and 
toluene) detected in the sample, which was also detected 
in the associated blank, must be qualified by elevating the 
limit of detection or adjusting the limit of detection to the 
reported sample result, when the sample concentration is 
less than five (5) times the blank concentration. For 
acetone, 2-butanone, and toluene, common laboratory 
contaminants, the results are qualified by elevating the 
limit of detection or adjusting the limit of detection to the 
reported sample result, when the 
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Blanks (Method and Field CIA Blanks) - continued 

3. 

4. 

5. 

sample concentration is less than ten (10) times the blank 
concentration. 

The reviewer should take note that the blank analysis may 
not involve the same weights, volumes, or dilution factors 
such as associated samples. These factors must be taken 
into consideration when applying the 5X and 10X blank 
criteria. 

The validator must review the field CIA blank, including trip, 
rinseate, and field blanks and all associated samples. 
Apply the same data validation guidelines used in assessing 
the method blanks. 

Qualification/Action Codes for Blanks: 

CRQL: The sample result is less than the CRQL and 
less than five times (5x) (ten times (10X) for 
common laboratory contaminants) the blank 
value. Reject (R) the sample result alnd the 
“B” qualifier flag and report the result as non 
detect at the CRQL. 

u: The sample result is greater than the! CRQL 
and less than five times (5X) (ten times (10X) 
for common laboratory contaminants) the 
blank value. Cross out the “B” qualifier flag 
and qualify the sample result as non detect, 
U. 

No Action: The sample result is greater than the CRQL 
and greater than five times (5X) (ten times 
(1 OX) for common laboratory contaminants) 
the blank value. Cross out the “B” qualifier 
flag. 
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Tuning 

Review Items: Form V and raw tuning data 

Criteria: Verify the BFB tune is performed every twelve (12) hours at the 
beginning of each analytical sequence to ensure mass resolution, 
mass identification, and sensitivity. The BFB tune must meet the 
ion abundance criteria. 

Bromofluorobenzene (BFB) Ion Abundance Criteria 

m/z Ion Abundance Criteria 

50 15.0% - 40.0% of m/z 95 
75 30.0% - 60.0% of m/z 95 
95 Base peak, 100.0% relative abundance 
96 5.0% - 9.0% of m/z 95 
173 less than 2.0% of m/z 174 
174 greater than 50.0% of m/z 95 
175 greater than 95.0% but less than 101 .O% of m/z 174 
177 5.0% - 9.0% of m/z 176 

Action: 1. 

2. 

3. 

Internal Standards 

If a mass assignment is in error, reject (R) all of the 
associated data. 

If ion abundance criteria are not met, professional 
judgement may be used to determine useability of the data. 

If samples are analyzed after the expiration of the twelve 
(12) hour tuning period, reject (R) all associated data for 
those samples. 

Re vie w Items: Form VIII and sample quantitation pages 

Criteria: Verify the internal standard performance for GUMS sensitivity 
and stability (-50% or + 100% of the internal standard area for 
the associated standard and f 30 seconds of the retention time 
of the internal standard for the associated standard). 
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Internal Standards - continued 

A c tionr 1. If an internal standard area for a sample or blank is greater 
than + 100%: 

a) For the compounds associated with the non 
compliant internal standard, qualify all positive 
results as estimated, J. 

2. If an internal standard area for a sample or blank is less 
than - 50%: 

a) For the compounds associated with the non 
compliant internal standard, qualify all positi,ve and 
non detect results as estimated, J/UJ. 

3. If an extremely low area counts are reported or 
performance exhibits a major abrupt drop-off: 

al For the compounds associated with the non 
compliant internal standard, qualify all plositive 
results as estimated, J, and reject, R, all non detect 
results. 

4. If an internal standard retention time shifts by more than 
30 seconds: 

a) Professional judgement may be used to det:ermine 
useability of the data. 

Initial Calibration 

Review hems: Form VI, chromatograms, and quantitation pages 

Criteria: Verify the initial calibration is linear for all compounds (30% RSD) 
and that all of the relative response factors (RRFs) are acceptable 
(>0./05). Separate calibrations must be performed for water 
samples and medium level soil samples, non-heated purge, and for 
soil samples, heated purge. 
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Initial Calibration - continued 

Action: 1. If the initial calibration is not linear for a compound(s), 
>30% RSD, but is less than 90% RSD (Table 3): 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J. 

2. If the initial calibration is not linear for a compound(s), 
>90% RSD (Table 3): 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J and reject, R, non 
detect results. 

Table 3 - Initial Calibration Qualifications 

Sample Results 

Positive Results 

Non Detect Results 

3. If the average RRF for a compound(s) is less than 0.05: 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non compliant 
compound(s) as estimated, J, and reject, R, non 
detect results. 

Continuing Calibration 

Review Items: Form VII, chromatograms, and quantitation pages 

Criteria: Verify the continuing calibration is capable of producing 
acceptable qualitative and quantitative data (25% D) and that all 
of the relative response factors (RRFs) are acceptable. Separate 
calibrations must be performed for water samples and medium 
level soil samples, non-heated purge, and for soil samples, heated 
purge. 
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Continuing Calibration - continued 

Action: 1. If the continuing calibration is not acceptable for a 
compound(s), >25% D, but is less than 50% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
compliant compound(s) as estimated, J. 

2. If the continuing calibration is not acceptable for a 
compound(s), >50% D, but is less than 90% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive and non detect results 
for the non compliant compound(s) as estilmated, 
JNJ. 

3. If the continuing calibration is not acceptable for a 
compound(s), >90% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
linear compound(s) as estimated, J and reject, R, 
non detect results 

Table 4 - Continuing Calibration Qualifications 

Sample Results > 2 5 % I 5 0 % > 5O%s90% >90% 

Positive Results J J J 
.,. i... :.::y:.. . . . . . . :.:.:.:.:.:i.:.~:.:.:.:.:::::::::j:::i::::::::~:~:~ ::::::::::::::::::.:,: 

Non Detect Results ~~~~~~~~~~~~ UJ R 

4. If the average RRF for a compound(s) is less than 0.05: 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non compliant 
compound(s) as estimated, J, and reject, R, non 
detect results. 
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Compound Quantitation and Reported CRQLs ,- 

Review Items: Form I, sample chromatograms, quantitation pages, and positive 
spectra 

Criteria: Verify the reported CRQLs are accurate. Review the 
chromatograms to ensure dilutions are required and sample matrix 
interference does not suppress the detection of target 
compounds. Review the sample quantitation to ensure the proper 
internal standards have been used for quantitation and the RRFs 
have been updated from the appropriate daily standard. Review 
spectra to ensure correct positive identification of compounds 
and/or potential false positives. 

Action: 1) 

2) 

3) 

4) 

If the CRQLs are incorrect based on sample dilutions or 
percent moisture: 

a) Reject (R) the reported CRQLs and report the correct 
CRQLs. 

If the sample chromatograms exhibit sample matrix 
interference: ,---. 

a) For the compounds that elute in the region of the 
interference, qualify positive results as estimated, J, 
and reject (R) non detect results. 

If the RRT of the reported compounds are not within 
kO.06 RRT units of the associated standard RRT: 

a) Professional judgement must be used to determine 
the cause and impact of the non compliance. 

If the correct identification of the mass spectra were not 
made: 

a) Professional judgement should be used to qualify the 
data as non detect, U, or unusable, R. 
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SW-846 Method 8270 

GUIDELINES FOR ORGANIC DATA REVIEW 
SW-846 METHOD 8270 

DO0 LEVEL IV DATA PACKAGES 

Data Detiverables Required: 

Case Narrative 
Chain of Custody 
Form 2 - Surrogate Recovery Summary 
Form 3 - MWMSD results 
Form 3A - QC Check Sample results (LCS) 
Form 4 - Method Blank Summary 
Form 5 - instrument Performance Check Summary with raw data 
Form 8 - internal Standard EICP Area Summary 
Form Is with chromatograms and quantitation pages 
Form 6 - %RSDs, Relative Response Factors, and raw data 
Form 7 - %Ds, Relative Response Factors, and raw data 
Form Is - Method Blank raw data 
Form Is - MS/MSD, LCS raw data 

(Equivalent Forms are acceptable providing all of the required 
information is presented) 

Review Requirements: 

Holding Times 
Surrogate Recoveries 
MS/MSD recoveries and RPDs 
LCS recoveries 
Method Blank contamination and sample associations 
DFTPP Tuning 
Initial Calibration %RSDs and calibration factors 
Continuing Calibration %Ds and calibration factors 
Sample results, CRQLs, and chromatograms 

Holding Times 

Review Items: Form I, Sample Chain of Custody 
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SW-846 Method 8270 -_ 

Holding Times - continued 

Criteria: Verify the sample holding time based on the time of collection to 
the time of extraction and the time of extraction to the time of 
analysis. 

Technical holding times for water samples are as follows: 

Water Samples cooled to 4°C (k2”C): 7 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

Technical extraction holding times for soil samples are as follows: 

Soil samples cooled to 4°C (k2”C): 14 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

Action: 1. If the samples were properly preserved and the sample 
holding times were exceeded, qualify the positive and non 
detect sample results as defined by Table 1. -. 

2. If the samples were not properly preserved and the 
temperature of the samples exceeded 4°C (&2”C), reject 
(R) all sample results. 

Table 1 - Holding Time Qualifications 

Sample Results 1 Day - 5 Days 6 Days - 15 Days > 15 Days 

Positive Results J J J 
.,...............,...........,.........,...... :.:.:.:.:.:.:.:.:.:.:::::::::::i::::::::::::~:::::::::~: .:.:.:.‘...,‘,‘.‘.‘:‘;.‘.‘.‘.:.:.:.:.:.:.:.~~:.:.:.: . . . . . :.:.:.:.:.:.:.: .:.:.; .:...,..r..........:.~.:.:.,,, 

Non Detect Results ~~a;:l~~~~~~~~ UJ R ::::::::::::::::.:.:.::~.:.:::.:.:.:.~.:.~.:.::~::.:.:.:.:.:.:.: .,.........,.,..... . . . . . 

Surrogates 

Review Items: Form II, chromatograms and quantitation pages 
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SW-846 Method 8270 

Surrogates - continued 

Criteria: Verify the sample surrogate recoveries are within the QA/QC 
limits established by the laboratory. Up to one (I) surrogate per 
fraction may be outside the QA/QC limits, as long as the percent 
recovery is greater than 10%. Verify that the surrogate 
recoveries were calculated correctly. 

Recoveries for the surrogate compound(s) in the samples and 
method blanks must be within QA/QC criteria. 

Action: 1. If two (2) surrogate recoveries in either fraction are greater 
than the upper control limit (UL): 

a) Qualify all positive results for that fraction as 
estimated, J (Table 2). 

2. If two (2) surrogate recoveries in either fraction are less 
than the lower control limit (LL), but is greater than 10%: 

a) Qualify all positive and non detect results for that 
fraction as estimated, J/UJ (Table 2). 

3. If a surrogate recovery in either fraction is less than 10%: 

a) Qualify all positive results as estimated, J, and 
reject, R, all non 
(Table 2). 

detect results for that fraction 

Table 2 - Surrogate Recovery Qualifications 

II Sample Results I < 10% I > lO%<LL I > UL 

II Positive Results I J J 
I  

Non Detect Results R UJ 

Matrix Spike/Matrix Spike Duplicate (MS/MSD) 

Review /terns: Form III, chromatograms, and raw data 
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SW-846 Method 8270 

Matrix Spike/Matrix Spike Duplicate (MS/MSD) - continued 

Criteria: Verify the MS/MSD recoveries and RPDs are within the advisory 
limits established by the laboratory. MS/MSDs are analyzed at a 
frequency of one MS/MSD per twenty (20) samples of similar 
matrix. 

Verify that the MS/MSD recoveries and RPDs were calculated 
correctly. 

Action: No action is taken on the MS/MSD alone. However, the data 
reviewer may use professional judgement in conjunction with 
other QA/QC criteria to determine the need for qualification of the 
data. 

QC Check Sample (Laboratory Control Sample) 

Review kerns: Form IIIA, chromatograms and quantitation pages 

Criteria: Verify the LCS recoveries are within the advisory limits 
established by the laboratory. LCS’ are analyzed at a frequency 
of one (1) LCS per Sample Delivery Group (SDG). 

Verify that the LCS recoveries were calculated correctly. 

Action: The data reviewer may use professional judgement in conjunction 
with other QA/QC criteria to determine the need for qualification 
of the data . 

If a compound exhibits a 0% recovery: 

a) Qualify the positive results for the compound as estimated, 
J, and reject, R, non detect results. 

Blanks (Method and Field QA Blanks) 

Review items: Form I, Form IV, chromatograms, and quantitation pages 

_-- 
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SW-846 Method 8270 

Blanks (Method and Field QA Blanks) - continued 

Criteria: Verify that a method blank has been analyzed for each sample 
matrix analyzed with each analytical sequence. All method blanks 
should be free of contamination. If a problem exists with m 
blank, all associated samples must be evaluated to determine 
whether there is inherent variability in the data or if the problem 
is an isolated occurrence not affecting other data. 

Action: 1. If a compound is found in the blank but not in the 
associated sample(s), no action is required. 

2. Any compound (other than phthalates) detected in the 
sample, which was also detected in the associated blank, 
must be qualified by elevating the limit of detection or 
adjusting the limit of detection to the reported sample 
result, when the sample concentration is less than five (5) 
times the blank concentration. For phthalates, common 
laboratory contaminants, the results are qualified by 
elevating the limit of detection or adjusting the limit of 
detection to the reported sample result, when the sample 
concentration is less than ten (IO) times the blank 
concentration. 

3. The reviewer should take note that the blank analysis may 
not involve the same weights, volumes, or dilution factors 
such as associated samples. These factors must ba taken 
into consideration when applying the 5X and 10X blank 
criteria. 

4. The validator must review the field QA blank, including trip, 
rinseate, and field blanks and all associated samples. 
Apply the same data validation guidelines used in assessing 
the method blanks. 
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SW-846 Method 8270 

Blanks (Method and Field QA Blanks) - continued 

5. Qualification/Action Codes for Blanks: 

CRQL: The sample result is less than the CRQL and 
less than five times (5x) (ten times (1 OX) for 
phthalates) the blank value. Reject (R) the 
sample result and the “B” qualifier flag and 
report the result as non detect at the CRQL. 

u: The sample result is greater than the CRQL 
and less than five times (5X) (ten times (10X) 
for phthalates) the blank value. Cross out the 
“B” qualifier flag and qualify the sample result 
as non detect, U. 

No Action: The sample result is greater than the CRQL 
and greater than five times (5X) (ten times 
(10X) for toluene) the blank value. Cross out 
the “B” qualifier flag. 

Tuning 

Review Items: Form V and raw tuning data 

Criteria: Verify the DFTPP tune is performed every twelve (12) hours at 
the beginning of each analytical sequence to ensure mass 
resolution, mass identification, and sensitivity. The DFTPP tune 
must meet the ion abundance criteria. 
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SW-846 Method 8270 

Tuning - continued 

Decafluorotriphenylphosphine (DFTPP) Ion Abundance Criteria 

Action: 

m/7 

51 
68 
69 
70 
127 
197 
198 
199 
275 
365 
441 
442 
443 

Internal Standards 

Review Items: 

Criteria: 

. . 
Ion Abundance Crlterla 

30.0% - 80.0% of m/z 198 
less than 2.0% of m/z 69 
present 
less than 2.0% of m/z 69 
25.0% - 75.0% of m/z 198 
less than 1 .O% of m/z 198 
base peak, 100% relative abundance 
5.0% - 9.0% of m/z 198 
10.0% - 30.0% of m/z 198 
greater than 0.75% of m/z 198 
present, but less than m/z 443 
40.0% - 110.0% of m/z 198 
15.0% - 24.0% of m/z 442 

I. If a mass assignment is in error, reject (RI all of the 
associated data. 

2. If ion abundance criteria are not met, professional 
judgement may be used to determine useability of the data. 

3. If samples are analyzed after the expiration of the twelve 
(12) hour tuning period, reject (R) all associated data for 
those samples. 

Form VIII and sample quantitation pages 

Verify the internal standard performance for GUMS sensitivity 
and stability (-50% or + 100% of the internal standard area for 
the associated standard and f 30 seconds of the retention time 
of the internal standard for the associated standard). 
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SW-846 Method 8270 

Internal Standards - continued 

Action: 1. If an internal standard area for a sample or blank is greater 
than + 100%: 

a) For the compounds associated with the non 
compliant internal standard, qualify all positive 
results as estimated, J. 

2. If an internal standard area for a sample or blank is less 
than - 50%: 

a) For the compounds associated with the non 
compliant internal standard, qualify all positive and 
non detect results as estimated, J/UJ. 

3. If an extremely low area counts are reported or 
performance exhibits a major abrupt drop-off: 

a) For the compounds associated with the non 
compliant internal standard, qualify all positive 
results as estimated, J, and reject, R, all non detect 
results. 

4. If an internal standard retention time shifts by more than 
30 seconds: 

a) Professional judgement may be used to determine 
useability of the data. 

Initial Calibration 

Review hems: Form VI, chromatograms, and quantitation pages 

Criteria: Verify the initial calibration is linear for all compounds (30% RSD) 
and that all of the relative response factors (RRFs) are acceptable 
( >0./05). Separate calibrations must be performed for water 
samples and medium level soil samples, non-heated purge, and for 
soil samples, heated purge. 
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SW-846 Method 8270 

Initial Calibration - continued 

Action: 1. If the initial calibration is not linear for a compound(s), 
>30% RSD, but is less than 90% RSD (Table 3): 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J. 

2. If the initial calibration is not linear for a cOmpOtJnd(S), 

>90% RSD (Table 3): 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J and reject, R, non 
detect results. 

Table 3 - Initial Calibration Qualifications 

Sample Results 

Positive Results 

Non Detect Results 

3. If the average RRF for a compound(s) is less than 0.05: 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non cornpliant 
compound(s) as estimated, J, and reject, IR, non 
detect results. 

Continuing Calibration 

Review Items: Form VII, chromatograms, and quantitation pages 

Criteria: Verify the continuing calibration is capable of producing 
acceptable qualitative and quantitative data (25% D) and that all 
of the relative response factors (RRFs) are acceptable. Separate 
calibrations must be performed for water samples and medium 
level soil samples, non-heated purge, and for soil samples, heated 
purge. 
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SW-846 Method 8270 

Continuing Calibration - continued 

Action: 1. 

2. 

3. 

If the continuing calibration is not ,acceptable for a 
compound(s), >25% D, but is less than 50% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
compliant compound(s) as estimated, J. 

If the continuing calibration is not acceptable for a 
compound(s), >50% D, but is less than 90% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive and non detect results 
for the non compliant compound(s) as estimated, 
JIUJ. 

If the continuing calibration is not acceptable for a 
compound(s), >90% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
linear compound(s) as estimated, J and reject, R, 
non detect results 

Table 4 - Continuing Calibration Qualifications 

Sample Results > 25%<50% > 50%190% > 90% 

Positive Results J J J 
,j::~~:::::::::::::;::‘::::i:::::::::;::::::;::::;::::‘:::::::::::::‘:::::::::::::::::::::::::::::::::::::::::::, 

Non Detect Results ~.~~~~~~~~ UJ R .? 

4. If the average RRF for a compound(s) is less than 0.05: 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non compliant 
compound(s) as estimated, J, and reject, R, non 
detect results. 
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SW-846 Method 8270 

Compound Quantitation and Reported CRQLs 

Review hems: Form I, sample chromatograms, quantitation pages, and positive 
spectra 

Criteria: Verify the reported CRQLs are accurate. Review the 
chromatograms to ensure dilutions are required and sample matrix 
interference does not suppress the detection of target 
compounds. Review the sample quantitation to ensure the proper 
internal standards have been used for quantitation and the RRFs 
have been updated from the appropriate daily standard. Review 
spectra to ensure correct positive identification of compounds 
and/or potential false positives. 

Action: 1) If the CRQLs are incorrect based on sample dilut,ions or 
percent moisture: 

a) Reject (R) the reported CRQLs and report the correct 
CRQLs. 

a If the sample chromatograms exhibit sample matrix 
interference: 

a) For the compounds that elute in the region of the 
interference, qualify positive results as estimated, J, 
and reject (R) non detect results. 

3) If the RRT of the reported compounds are not within 
kO.06 RRT units of the associated standard RRT: 

a) Professional judgement must be used to determine 
the cause and impact of the non compliance. 

4) If the correct identification of the mass spectra were not 
made: 

a) Professional judgement should be used to qualify the 
data as non detect, U, or unusable, R. 
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SW-846 Method 8330 

GUIDELINES FOR ORGANIC DATA REVIEW 
SW-846 METHOD 8330 

DO0 LEVEL IV DATA PACKAGES 

Data Deliverables Required: 

l 

l 

l 

0 

l 

l 

l 

l 

l 

l 

l 

Case Narrative 
Chain of Custody 
Form 2 - Surrogate Recovery Summary if reported 
Form 3 - MS/MSD results if reported 
Form 3A - QC Check Sample results (LCS) 
Form 4 - Method Blank Summary 
Form Is with chromatograms and quantitation pages 
Form 6 - %RSDs and Calibration Factors with raw data 
Form 7 - %Ds and Calibration Factors with raw data 
Form Is - Method Blank raw data 
Form Is - MS/MSD, LCS raw data 

(Equivalent Forms are acceptable providing all of the required 
information is presented) 

Review Requirements: 

Holding Times 
Surrogate Recoveries 
MS/MSD recoveries and RPDs 
LCS recoveries 
Method Blank contamination and sample associations 
initial Calibration %RSDs, calibration factors and raw data 
Continuing Calibration %Ds, calibration factors and raw data 
Sample results, CRQLs, chromatograms and quantitation pages 

Holding Times 

Review Items: Form I, Sample Chain of Custody 

Criteria: Verify the sample holding time based on the time of Collection to 
the time of extraction and the time of extraction to the t:ime of 
analysis. 
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SW-846 Method 8330 

Holding Times - continued 

Action: 

Technical holding times for water samples are as follows: 

Water Samples cooled to 4°C (&2”C): 7 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

Technical holding times for soil samples are as follows: 

Soil samples cooled to 4°C ( f 2°C): 14 days from sample 
collection to sample extraction and 40 days from sample 
extraction to sample analysis. 

1. If the samples were properly preserved and the holding 
times were exceeded, qualify the positive and non detect 
sample results as defined by Table 1. 

2. If the samples were not properly preserved and the 
temperature of the samples exceeded 4°C (&2”C), reject 
(R) all sample results. 

Table 1 - Holding Time Qualifications 

II Sample Results 1 1 Day-5Days 16Days-15Days 1 > 15 Days 
I I I II 

Positive Results J J J 
.............................................. ......................... ‘:‘.‘.‘.‘.:.:.:.:.:.:.:.:.:.:.:. ..:.:.:.:.: .: ..:.:.:.:.:.:. :,:,:.:.:,:,:,:,:,~:,:,:,~:,: .,:, ......... ... ....... ................... . ....... :.::.:.:.:.: .. 

Non Detect Results .. :;;;;;:: .................................. 
UJ R 

Surrogates (if reported by laboratory) 

Review Items: Form II, chromatograms and quantitation pages. 

Criteria: Verify the sample surrogate recoveries are within the QA/QC 
limits established by the laboratory. 

Verify that surrogate recoveries were calculated correctly. 

Recoveries for the surrogate compound(s) in the samples and 
method blanks must be within QA/QC criteria. 
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SW-846 Method 8330 

Surrogates - continued 

Action: 1. If the surrogate recovery is greater than the upper control 
limit (UL): 

a) Qualify all positive results as estimated, J (Table 2). 

2. If the surrogate recovery is less than the lower control limit 
(LL), but is greater than 10%: 

a) Qualify all positive and non detect results as 
estimated, J/UJ (Table 2). 

3. If the surrogate recovery is less than 10%: 

a) Qualify all positive results as estimated, .I, and 
reject, R, all non detect results (Table 2). 

Table 2 - Surrogate Recovery Qualifications 

Sample Results 

Positive Results 

.Non Detect Results 

c 10% > lO%cLL > UL 

J J J 
.... ....... 

7 UJ 
:::::*.:xr .h. 1: . . . . . . . .../.... ,., .,._,..,.,~_,_,((,,,,,,.,,,.,.,,,,,,~,~ ““.‘.‘.‘.LG.u. . . . . . . . . . ..v...... . . . . . . . . . . . . . . . . . :.:.>:+:.:.: ‘....:.:.:.):,,,,.,,,,, ‘L..................~):.:.:.:.: . . . . ..C. . . . . . . . . . ...>..... .‘.,.‘:‘:.:‘)l:ii::::~~: ,, ,,,,, 

R ~~~~~~~~~~~~~~~~ 

Matrix Spike/Matrix Spike Duplicate (MWMSD) (if reported by laboratory) 

Review Items: Form Ill, chromatograms and quantitation pages. 

Criteria: Verify the MS/MSD recoveries and RPDs are within the advisory 
limits established by the laboratory. MS/MSDs are analyzed at a 
frequency of one MS/MSD per twenty (20) samples of similar 
matrix. 

Verify that MS/MSD recoveries were calculated correctly. 

Action: No action is taken on the MS/MSD alone. However, the data 
reviewer may use professional judgement in conjunction with 
other QA/QC criteria to determine the need for qualification of the 
data. 

8330-3 



SW-846 Method 8330 

_- 
QC Check Sample (Laboratory Control Sample) 

Review Items: Form IIIA, chromatograms and quantitation pages. 

Criteria: Verify the LCS recoveries are within the advisory limits 
established by the laboratory. LCS’ are analyzed at a frequency 
of one (I) LCS per Sample Delivery Group (SDG). 

Verify that LCS recoveries were calculated correctly. 

Action: The data reviewer may use professional judgement in conjunction 
with other QA/QC criteria to determine the need for qualification 
of the data . 

If a compound exhibits a 0% recovery: 

a) Qualify the positive results for the compound as estimated, 
J, and reject, R, non detect results. 

Blanks (Method and Field CIA Blanks) 

Review Items: Form I, Form IV, chromatograms and quantitation pages. 

Criteria: Verify that a method blank has been analyzed for each sample 
matrix analyzed with each analytical sequence. All method blanks 
should be free of contamination. If a problem exists with m 
blank, all associated samples must be evaluated to determine 
whether there is inherent variability in the data or if the problem 
is an isolated occurrence not affecting other data. 

Action: 1. If a compound is found in the blank but not in the 
associated sample(s), no action is required. 

2. Any compound detected in the sample, which was also 
detected in the associated blank, must be qualified by 
elevating the limit of detection or adjusting the limit of 
detection to the reported sample result, when the sample 
concentration is less than five (5) times the blank 
concentration. 

---. 
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SW-846 Method 8330 

Blanks (Method and Field QA Blanks) - continued 

Initial Calibration 

Review Items: 

Criteria: 

Action: 

3. The reviewer should take note that the blank analysiis may 
not involve the same weights, volumes, or dilution factors 
such as associated samples. These factors must be taken 
into consideration when applying the 5X blank criteria. 

4. The validator must review the field QA blank, including trip, 
rinseate, and field blanks and all associated saimples. 
Apply the same data validation guidelines used in assessing 
the method blanks. 

5. Qualification/Action Codes for Blanks: 

CRQL: The sample result is less than the CRQL and 
less than five times (5x) the blank value. 
Reject (RI the sample result and the “B” 
qualifier flag and report the result as non 
detect at the CRQL. 

u: The sample result is greater than the CRQL 
and less than five times (5X) the blank value. 
Cross out the “B” qualifier flag and qualify the 
sample result as non detect, U. 

No Action: The sample result is greater than the CRQL 
and greater than five times (5X) the blank 
value. Cross out the “B” qualifier flag. 

Form VI, chromatograms and quantitation pages. 

Verify that the laboratory analyzed the calibration standards in 
triplicate. Verify the initial calibration curve is linear with zero 
intercept. Verify that the calibration curves were plotted 
correctly. 

1. If the initial calibration is not linear for a compound(s), 
>0.995 (Table 3): 
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SW-846 Method 8330 

Initial Calibration - continued 

a) For the samples analyzed after the initial calibration, 
qualify all positive results for the non linear 
compound(s) as estimated, J and reject, R, non- 
detect results. 

Table 3 - Initial Calibration Qualifications 

Sample Results < 0.995 

Positive Results J 

I Non Detect Results I R I 

Continuing Calibration 

Review hems: Form VII, chromatograms and quantitation pages. 

Criteria: Verify that the laboratory analyzed the continuing calibrations at 
appropriate intervals in the sequence. Verify the continuing 
calibration is capable of producing acceptable qualitative and 
quantitative data (20% D). Verify that the %D calculations were 
calculated correctly. 

Action: 1. If the continuing calibration is not acceptable for a 
compound(s), >20% D, but is less than 50% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive results for the non 
compliant compound(s) as estimated, J. 

2. If the continuing calibration is not acceptable for a 
compound(s), >50% D, but is less than 90% D (Table 4): 

a) For the samples analyzed after the continuing 
calibration, qualify all positive and non detect results 
for the non compliant compound(s) as estimated, 
J/UJ. 
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SW-846 Method 8330 

Continuing Calibrations - continued 

3. If the continuing calibration is not acceptable for a 
compound(s), >90% D (Table 4): 

a) For the samples analyzed after the conrinuing 
calibration, qualify all positive results for thle non 
linear compound(s) as estimated, J and reject, R, 
non detect results 

Table 4 - Continuing Calibration Qualifications 

Sample Results > 20%1 50% > 50%< 90% > 90% 

Positive Results J J J i I 

Non Detect Results UJ R I 

Compound Quantitation and Reported CRQLs 

Review Items: 

Criteria: 

Form Is, Sample Chromatograms and quantitation pages 

Verify the reported CRQLs are accurate and have been adjusted 
appropriately based on dilutions, concentrations, etc. Review the 
chromatograms and quantitation pages to ensure that required 
dilutions are performed, sample matrix interference does not 
suppress the detection of target compounds, and that false 
positives or false negatives were not reported. Verify that 
reported compounds are within the RTWs on both columns. 
Verify that target compounds did not co-elute. Verify sample 
quantitation calculations. 

Action: 1) If the CRQLs are incorrect based on sample dilutions or 
percent moisture: 

a) Reject (R) the reported CRQLs and report the correct 
CRQLs. 

2) If qualitative criteria is not met; i.e. the reported results are 
not with the RTWs on one or both columns or matrix 
interferences are present: 
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Compound Quantitation and Reported CRQLs - continued 
, /---- 

a) the reported results should be rejected, R, and 
amended to non-detect. The reviewer may need to 
use professional judgement to assign an appropriate 
quantitation limit, considering any interferences 
which could be affecting the accurate identification 
of target compounds. If interferences preclude the 
identification of a target compound on one of the 
analytical columns then the result should be 
rejected, R. 

3) If false negative results are noted; i.e. a compound with 
peaks which fall within the RTW on both columns but was 
not reported: 

a) the reviewer should use professional judgement to 
determine whether the result should be reported. A 
detailed discussion of decisions should be included 
in the case narrative. 
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,F- 1.0 INTRODUCTION 

This document provides the Data Management Plan (DMP) for Selected Solid Waste Management 

Units (SWMUs) and Areas of Concern (AOCs) at Naval Station Roosevelt Roads (NSRR), Ceiba, 

Puerto Rico. This has been prepared by Baker Environmental, Inc. (Baker) under the Naval 

Facilities Engineering Command (NAVFACENGCOM), Atlantic Division (LANTDIV) Contract 

Number 62470-89-48 14, Contract Task Order 0223 (CTO-0223). This CT0 includes conducting 

a RCRA Facilities Investigation and the preparation of a Corrective Measures Study (CMS) 

Evaluation Report. 

The SWMUs and AOCs evaluated are those that require investigation under the RCRA Corrective 

Action Permit. A complete list of these SWMUs/AOCs are provided in Table l-l. 

The DMP presents the program that will be used to document and track investigation samples, data 

and results. This plan identifies and establishes data documentation materials and procedures, 

project file requirements, and project-related progress reporting and documents. This plan also 

provides the format to be used to present the raw data and conclusions of the investigation. 

This DMP is one of five project plans associated with the RFI. Other RF1 project plans include: 

l Project Management Plan 

0 Data Collection Quality Assurance Plan (DCQAP) 

0 Health and Safety Plan (HASP) 

0 Community Relations Plan (CRP) 

The Draft Corrective Action Permit (Module III, Appendix A, Section V) specifies the items to be 

included in the DMP. The DMP has been designed to satisfy these requirements. The items 

included in the permit are addressed specifically in Section 4.0 of this DMP. The additional sections 

of the DMP are included to provide background on data management procedures and reporting. 

Table 1-2 serves as a cross reference between the material presented in this DMP and the material 

required by the Corrective Action Permit (Module III, Appendix A, Section V). Table l-2 is 

designed to allow the reader of this DMP to quickly retrieve selected information from the text. 
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2.0 DATA DOCUMENTATION AND PROCEDURES 

There are four general categories of data that will be generated during the RF1 at NSRR. They are 

listed below: 

0 Physical and chemical analytical results, including but not limited to: 

. Soil (geologic and geotechnical), water (surface and ground), sediment, and 

wipe samples 

. Laboratory data, including laboratory identifiers, analytical methodiologies, 

analytical results, quantitation limits, and qualifiers 

0 Field data, including but not limited to: 

. Field records and observations, including unique sample identifiers, 

geologic, spatial, geotechnical characteristics, and field methods and 

procedures for samples collected 

0 Documents, including but not limited to: 

. Contracts, reports, and field manuals 

l Communications, including but not limited to: 

. Records of telephone conversations, letters, facsimile transmissions, 

memoranda, and meeting notes 

Documentation procedures and more specific examples of documentation/data formatting are 

provided in the Baker Standard Operating Procedures (SOPS) contained in Appendix 13 of the 

DCQAP. In terms of data documentation and procedures, the following SOPS are pertinent: 
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0 A008 - Filing 

0 FlOl - Borehole and Sample Logging 

0 F103 - Monitoring Well Installation 

0 F302 - Chain-of-Custody 

0 F303 - Field Logbook 

The following sections describe the project data flow, data management organization, and project 

documentation materials for this project. Forms provided in the above-cited SOPS, as well as 

project-specific forms that will be used, are outlined in this discussion. 

2.1 Data Management Organization and ResDonsibilities 

The four categories of data described above will be handled by the following organizations: the 

analytical laboratory and data validation subcontractors; Baker; LANTDIV; and USEPA. Each 

organization has a specific role in this process: 

0 Laboratory Subcontractor 

The laboratory subcontractor will accept field samples from Baker for analysis, and 

will assign laboratory identifiers to each sample. Also, the laboratory subcontractor 

will provide a hardcopy of the data as well as an electronic data deliverable. These 

deliverables will be provided to Baker for data reduction and reporting. 

0 Data Validation Subcontractor 

The laboratory analytical results will be submitted to an independent third party for 

data validation. Note that 100 percent of the analytical data will be validated. 

0 Baker 

Baker will collect field samples and submit them to the laboratory subcontractor 

and validated data for analysis. Baker also will record all field data including all 

geological, geotechnical, and procedural notes regarding sample collection and 
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conditions in the field. Unique identifiers will be assigned to all samples collected 

in the field, and chain-of-custody forms will be completed for all samples shipped 

from the site for analysis. Samples collected in the field will be analyzed using 

NEESA Level C quality control. 

Baker will accept raw analytical results and reduce the data for the RFI report. 

Baker also will provide storage of the data hardcopy and the electronic data 

deliverables. 

Within Baker, four separate position titles that will have primary responsibility for the management 

of project data are listed below. 

0 Project Manager - Responsible for documenting project communications and the 

flow of information into and out of the project files. The Project Manager is also 

responsible for arranging the final storage of data collected as part of the RFI. 

0 Site Manager - Overall responsibility for coordinating field activities conducted as 

part of the RPI. This individual will be on site for field investigation work and will 

oversee proper collection and recording of data as well as provide the fast review 

for completeness of all data collected in the field. 

0 Data Management Coordinator - Responsible for coordinating the submission of 

samples to and the receipt of data deliverables from the laboratory and data 

validation subcontractors. Also responsible for overseeing the preparatialn of the 

raw data and data summary tables by the Database Manager (See Section 4.0 for a 

description of the tables to be prepared for the RPI). 

0 Database Technician - Responsible for the flow of all data into and out of Baker’s 

database management system. The Database Technician also prepares the raw data 

tables and data summary tables required for the report. 
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2.2 RF1 Data Flow 

Prior to sampling a given SWMLJ or AOC, the Data Management Coordinator prepares a sampling 

summary. This summary contains a map of the SWMU or AOC depicting the sampling locations, 

sample designations, a list of the analyses to be collected, sample containers required for collection, 

and QA/QC requirements. This sampling summary will be provided to the Site Manager. The Data 

Management Coordinator also forwards the sample container requirements to the subcontract 

laboratory and arranges the shipment of the sample containers to the site. RF1 data flow is illustrated 

in Figure 2- 1. 

After the sampling for the SWMU or AOC is completed, the Site Manager telecopies the chain-of- 

custody forms to the Data Management Coordinator. Subsequently, the Site Manager forwards the 

chain-of-custody form along with the samples to the laboratory subcontractor. Prior to receipt of 

the samples by the laboratory subcontractor, the Data Management Coordinator reviews the chain- 

of-custody forms to confirm that the required samples were collected and the appropriate analyses 

(including QA/QC) were requested. Subsequent,to this review, the Data Management Coordinator 

contacts the laboratory subcontractor to confirm that the chain-of-custody form has been completed 

correctly or to provide corrections to the requested analyses. 

Following sample analysis and receipt of the data deliverable by Baker, the Data Management 

Coordinator confirms that the analyses requested have been received. This is accomplished using 

the data summary forms shown in Figure 2-2. From the information collected by this form, the data 

quality indicator of completeness can be calculated. If the form indicates that a discrepancy exists 

between the analyses requested and those received, the Data Management Coordinator will contact 

the laboratory in order to resolve the discrepancy. 

The laboratory analytical results will be submitted to an independent third party data validation fum 

for data validation. Validated data will be returned to the Data Management Coordinator for review 

and incorporation into the sample database. 
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2.3 Proiect Documentation Materials 

Standardized project forms and formats have been developed for the collection of field dlata and 

observations as well as for recording laboratory information. Standardized field record forms are 

included in the SOPS cited previously in this section. These standardized forms (and their associated 

SOPS) are as follows: 

0 F 10 1 - Boring and Sample Logging 

0 F103 - Monitoring Well Installation 

0 F302 - Chain-of-Custody including sample label and custody seals 

In addition to these standardized forms, a standard procedure for completing the field logbook is also 

provided in F303 - Field Logbook. 

These SOPS are presented in Appendix B of the DCQAP. 



,.-.. 3.0 PROJECT FILES 

Files for the project will be maintained as described in the following SOP: 

0 A008 - Filing 

This SOP is given in Appendix B of the DCQAP. It provides directions for the distribution and 

filing of incoming and outgoing correspondence. The procedures given in the SOPS ensure that 

project files are maintained in a manner that allows easy retrieval of project materials. 



,- 4.0 DATA RECORD AND PRESENTATION 

4.1 Data Record 

A record of the investigation data and results collected during the RF1 will be established. For the 

field and laboratory analyses, this record will include the following: 

0 Unique sample or field measurement code 

0 Sampling or field measurement location and sample or measurement type: 

0 Sampling or field measurement raw data 

0 Laboratory analysis ID number 

l Property or component measured 

l Result of analysis (e.g., concentration) 

,r”cL. 

4.2 Tabular Dimlavs 

For the RF1 report, the following data will be presented in tables: 

0 Unsorted (raw) data 

0 Results for each medium or for each constituent monitored 

0 Data reduction for statistical analysis 

l Sorting of data by potential stratification factors 

(e.g., location, soil layer, and topography) 

0 Summary data 

Examples of these tables are provided in Tables 4- 1 through 4-5. 

4.3 GraDhical Displays 

i- 

In addition to data tables, data shall be presented in figures which may include bar graphs, line 

graphs, area or plan maps, isopleth plots, cross-sectional plots or transects, and three-dimensional 

graphs. As warranted, the following types of data will be displayed in figures: 

4-1 



0 Sampling locations and sampling grids 

0 Boundaries of sampling areas, and areas where more data is required 

0 Levels of contamination at each sampling area 

0 Contamination levels, averages, and maxima 

l Changes in concentration in relation to distance from the source, time, depth, or 

other parameters 

,-. 

0 Features affecting intramedia transport and potential receptors 

4.4 Samnle Deshation 

In order to identify and accurately track the various samples, all samples collected during this 

investigation, including QA/QC samples, will be designated with a unique number. The number will 

serve to identify the investigation, the SWMU/AOC, the area within the SWMJJ/AOC, the sample 

media, sampling location, the depth (soil) or round (groundwater) of sample, and QA/QC qualifiers. 

The sample designation format is as follows: 

SWMU/AOC # - Location - Media/Station # or QA/QC - Depth/Round 

An explanation of each of these identifiers is given below. 

SWMU/AOC# This investigation includes SWMUs/AOC listed on Table 1- 1. 

Location The location designation will refer to a surface feature (e.g., PL = 

Parking Lot) or grid (e.g., LA = Lawn Area) 

Media SB = 

GW = 

SW = 

SD = 

WT = 

Soil Boring (soil sample from a boring) 

Groundwater 

Surface Water 

Sediment 

Waste 
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Station I# 

QA/QC 

Depth/Round 

Each soil test boring or monitoring well will be identified with a 

unique identification number. 

(FB) = Field Blank 

CD> = Duplicate Sample (preceding depth/round) 

cm = Trip Blank 

(ER) = Equipment Rinsate 

Depth indicators will be used for soil samples. The number will 

refer to the depth of the top of the sampled interval. For example: 

00 = 

01 = 

02 = 

03 = 

top of sample at ground surface 

top of sample is 1 foot below surface 

top of sample 3 feet below ground surface 

top of sample is 5 feet below ground surjface 

Round indicator will be used for groundwater samples (round one 

and round two). For example: 

01 = 

02 = 

Round 1 

Round 2 

Under this sample designation format the sample number 1 l-GW03DW-OlD refers to: 

fi-GW03DW-OlD 

1 l-m03DW-OlD 

1 l-GWBDW-OlD 

1 l-GW03m-OlD 

1 I-GW03DW-ND 

1 l-GW03DW-OID 

swMu 11 

Groundwater sample 

Monitoring well #3 

Deep well 

Round 1 

Duplicate (QA/QC) sample 
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The sample designation 12-LA-SB06-03D refers to: -* 

a-LA-SB06-03D SWMU 12 

12-LA-SB06-03D 

12-LA-=06-03D 

12-LA-SBQ&03D 

12-LA-SB06-ED 

12-LA-SB06-03Q 

Lawn Area 

Soil boring 

Test boring #6 

Sampling depth interval 5’ to 7’ 

Duplicate 

This sample designation format will be followed throughout the project. Required deviations to this 

format in response to field conditions will be documented. 

4.5 Data Reduction 

4.51 Reporting of Outliers 

Values outside the expected range of values will be included in the data summary tables in the RF1 

report. These outliers will be flagged with data qualifiers in the summary tables. These data 

qualifiers reported by the laboratory and/or data validator will indicate the reliability of the data and 

the source of variability (i.e., field or laboratory). 
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5.0 DATABASE MANAGEMENT 

Analytical and appropriate field data collected during the RF1 will be entered, stored, and evaluated 

using computerized databases. The database system will be established and tested for integrity and 

compatibility prior to the commencement of the major portions of field work. The principle intent 

of this system will be to provide rapid access to the results of the field activities and to allow 

evaluations and comparisons to be made from a variety of references. If requested, USEPA will be 

provided data files transmitted on diskettes and hard copy, or other electronic media (e.g., modem). 

5.1 Field Data 

Field personnel will record, on a daily basis, information concerning conditions and features 

observed during the field activities in the field logbook and field forms. Copies of these logs will 

be provided to data management personnel on a weekly basis, and suitable data will be extracted and 

entered into the database system. These data will include sample identifiers, sampling 

methodologies, conditions during sampling, and sample identification information as detailed in 

Section 4.2. These data will be merged in the database with analytical results obtained from the 

laboratory to create a unified data set describing the results of the investigations. Once filled, 

original logbooks will be maintained in the project files for future comparison and QA/QC review. 

5.2 Analvtical LaboratorvlValidation Data Deliverables 

Analytical data will be reported by the laboratory in two formats: data files on diskette and hard 

copy reports. The database system will be designed to allow direct input of the data files from the 

diskettes in order to limit the potential for data entry errors. If data is not submitted by diskette, the 

data will be double key entered from hard copies to the database system. The hard copy reports will 

be logged into, and maintained in, the project files for future comparison and QA/QC review. In 

addition, hard copies and electronic copies of laboratory analytical data will be provided to the data 

validator for ease of management and tracking purposes. 
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5.3 Resorting 

The database system will be developed to provide an interface with various spreadsheets, allowing 

direct translation of the data for presentation. Various tabular formats for the presentation of data 

are described in Section 4.0. The database system will allow for other presentation formats as 

desired, including (but not limited to) tabular, graphical, and geographical displays. 
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6.0 REPORTING 

Based on Condition B.8 (a) of Module III of the Permit, LANTDIV will provide USEPA with 

signed, quarterly monitoring reports. These reports will contain: 

0 

0 

0 

0 

A description of the work completed. 

Summaries of all findings made during the reporting period, including summaries 

of laboratory data. 

Summaries of all changes made during the reporting period. 

Summaries of all contacts made with representatives of the local commuaity and 

public interest groups during the reporting period. 

Summaries of all problems or potential problems encountered during the reporting 

period and actions taken to rectify the problems. 

Changes in personnel conducting or managing the corrective action activities during 

the reporting period. 

Projected work for the next reporting period. 

Copies of daily reports, inspection reports, laboratory and monitoring data, and 

other correspondence generated during the reporting period. 

Upon USEPA’s request, copies of other reports (e.g., inspection reports, drilling logs, and laboratory 

data) not provided in the quarterly report may be made available to USEPA. 
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TABLE l-l 

SWMWAOC MEDIA SUBJECT TO CORRECTIVE ACTION REQUIREMENTS 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

I I Surface 

SWMU/AOCs 
, 
#l Former Cremator Disposal Site 

#2 Lanrzlev Drive Disoosal Site 

Ground- 
water 

Yes 

Yes 

Soil 

Yes 

Yes 

Water/ 
Sediment 

Yes 

Yes 

RF1 Type 
-- 

Full”’ 

Full 

I--------- #3 Base Landfill I Yes I Yes I Yes Full 

First Phase”) #6 Building 145 

#7 Tow Way Fuel Farm 

#8 Tow Way Fuel Farm - DisDosal Pits 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Full 

Full 
-- 

Full #9 Tank 212-217 Sludge Burial Pits Yes Yes Contingent”’ 

#l 0 Substation 2/Bldg. 90 No Yes No 

#ll Old Power Plant/Bldg. 38 Yes Yes Yes 

#12 Fire Training Pit Oil/Water Separator No Yes No 

#13 Old Pest Control Shop/Bldg. 258 Contingent Yes Yes 

#14 Fire Training Pit Area Contingent Yes No 

#19 Bldg. 121 - Discarded Pesticide Storage Contingent Contingent No 
Area 

Fit Phase 

Full 

Fist Phase 

First Phase 

First Phase 
-- 

Contingent 

-- 
First Phase #23 Oil Spill Separator Tanks 

#24 Oil Spill Oil/Water Separator & 
Adjoining Pad 

I##25 DEMO Storage Yard 

Contingent Yes No 

No Yes No 

I No I Yes I No 

First Phase 

First Phase 

First Phase 

First Phase 
-- 

First Phase 

I#30 Former Incinerator 1 Yes 1 No 1 No 

I #3 1 Waste Oil Collection Area/Bldg. 3 1 & 
I 

‘No 
2022 I 

Yes 
I 

No 

(#32 PWD Storage Yard/Battery Collection I No Yes I No First Phase 

- 

I#3 7 Waste Oil Storage Area/Bldg. 200 I No I Yes I No First Phase 

‘#39 Bldg. 3 15 8/ Former Battery Drain Area 

#45 PCB Spill Area/ Old Power Plant 

/#46 Pole Storage Yard Covered Pad 

No 

Yes 

- No 

Yes 

Yes 

Yes 

No 

Yes 

No 

Fist Phase 

Full 

First Phase 
- 

First Phase I#51 New AIMD Storage Pad/ Bldg. 379 No I Yes I No 

Full 

IAOC #C!/ Transformer Storage Pad I No I Yes I No First Phase 

I AOC #D/Ensenada Honda Sediments 

Notes: (1) 

(2) 

(3) 

I No I No I Yes 
Full RFIs are conducted where releases were established during previous investigations. 
The purpose of the full RF1 is to determine the nature, rate, direction, and extent of 
hazardous waste or hazardous constituents. 
The purpose of the frost phase RF1 is to confum any releases from these SWMUs and/or 
AOCs. 
Contingent requirements are pending results of ongoing investigation or closure activities. 

First Phase 



TABLE 1-2 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Section of 
Material to be included in the DCQAP, per Draft Corrective Action Permit 

Module III, Appendix A, Section V 
DCQAP that 
Covers This 

Material 

B. Data Collection Quality Assurance Plan 

The Permittee shall prepare a plan to document all monitoring procedures: 
sampling, field measurements, and sample analysis performed during the 
investigation to characterize the environmental setting, source, and 
contamination, so as to ensure that all information, data and resulting decisions 
are technically sound, statistically valid, and properly documented. 

1. Data Collection Strategy 

The strategy section of the Data Collection Quality Assurance Plan shall 
include but not be limited to the following: 

a. Description of the intended uses for the data, and the necessary level 
I 

4.1.1 and4.1.:2.2 
of precision and accuracy for these intended uses I 

b. Description of methods and procedures to be used to assess the 

I 

4.1.2.1 
precision, accuracy and completeness of the measurement data I 

C. Description of the rationale used to assure that the data accurately and 
precisely represent a characteristic of a population, parameter 
variations at a sampling point, a process condition or an 

les of factors which shall be 

(ii) Number of sampling points I 4.1.4 I 

(iii) Data generated by separate consultants or laboratories I 4.1.5 I 

(iv) Data generated by an outside consultant or laboratory over 
I 

4.1.5 
some time period I 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE l-2 (Continued) .- 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Section of 
Material to be included in the DCQAP, per Draft Corrective Action Permit 

Module III, Appendix A, Section V 
DCQAP that 
Covers This 

Material 

(0 Periodic assessment of measurement data accuracy, precision, 10.3 
and completeness 

(ii) Results of performance audits 10.3 and 12.0 

(iii) Results of system audits 10.3 and 12.0 

(iv) Significant quaiity assurance problems and recommended 10.3 
solutions 

(v) Resolutions of previously stated problems 10.3 

The Sampling section of the Data Collection Quality Assurance Plan shall 

a. Selecting appropriate sampling locations, depths, etc. 4.2 

b. Providing a statistically sufficient number of sampling sites 4.1.4 and 4.2 

C. Measuring all necessary ancillary data 4.2 

d. Determining conditions under which sampling should be conducted 5.0 and SOPS 
FlOl, F102, F104, 

and F105 

e. Determining which media are to be sampled (e.g., groundwater, air, 4.1.3 
soil, sediment, etc.) 

f. Determining which parameters are to be measured and where 4.2 

,- 

g. Selecting the frequency of sampling and length of sampling period 4.2 

h. Selecting the types of sample (e.g., composites versus grabs) and 4.1.4 and 4.2 
number of samples to be collected 

i. Measures to be taken to prevent contamination of the sampling 5.0 and SOPS 
equipment and cross-contamination between sampling points F50l and F502 

t j. Documenting field sampling operations and procedures, including 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE 1-2 (Continued) 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Material to be included in the DCQAP, per Draft Corrective Action Permit 
Module III, Appendix A, Section V 

Section of 
DCQAP that: 
Covers This 

Material 

SOP F301 (i) Documentation of procedures for preparation of reagents or 
supplies which become an integral part of the sample (e.g., 
filters and adsorbing reagents) 

(ii) Procedures and forms for recording the exact location and SOPS F302 arid 
specific considerations associated with sample acquisition F303 

(iii) Documentation of specific sample preservation method 

(iv) Calibration of field devices 

(v) Collection of replicate samples 

(vi) Submission of field-biased blanks, where appropriate 

8.1 and SOPS 
F202, F203, F204. 

and F208 

11.2 and SOIT 
P302 and F303 

11.2 and SOPS 
F302 and F303 

(vii) Potential interferences present at the facility I SOP F303 - 

7.0 and SOPs 
F301 and F303 

(viii) Construction materials and techniques, associated with 
monitoring wells and piezometers 

SOPS F 103 and 
F303 

(ix) Field equipment listing and sampIe containers SOPS FIOI, F102, 
F104, F105, F301 

and F303 

(x) Sample order 

(xi) Decontamination procedures 

SOPS FlOl, FI02: 
F104, and F105 

SOPS F50 1 ~~ 
F502 

Selecting appropriate sample containers 

Sample preservation 

I m. Chain-of-custody, including 

(0 Standardized field tracking reporting forms to establish sample 
custody in the field prior to and during shipment 

(ii) Pre-prepared sample labels containing all information 
necessary for effective sample tracking 

7.0 and SOP F301 

7.0 and SOP F%i 

7.0 and SOP F’302 

7.0 and SOP F302 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE l-2 (Continued) 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Material to be included in the DCQAP, per Draft Corrective Action Permit 
Module III, Appendix A, Section V 

The Field Measurements section of the Data Collection Quality Assurance 

b. Providing a statistically sufficient number of field measurements 4.1.4 and 4.2 

C. Measuring all necessary ancillary data 4.2 

d. Determining conditions under which field measurements should be 5.0 and SOPS 
conducted F101, F102, F104, 

and F105 

e. Determining which media are to be addressed by appropriate field 4.1.3 
measurements (e.g., groundwater, air, soil, sediment, etc.) 

f. Determining which parameters are to be measured and where 4.2 

g. Selecting the frequency of field measurement and length of field 4.2 
measurements period 

h. Documenting field measurement operations and procedures, including 

(i) Procedures and forms for recording raw data and the exact 
location , time, and facility-specific considerations associated 
with the data acquisition 

(ii) Calibration of field devices 

SOP F303 

(iii) Collection of replicate measurements 11.2 and SOPS 
F302andF303 

(iv) Submission of field- biased blanks, where appropriate 11.2 and SOPS 
F302andF303 

(v) Potential interferences present at the facility I SOP F303 I 
1 

(vi) Construction materials and techniques associated with SOPS F301 and 
monitoring wells and piezometers used to collect field data F303 

(vii) Field equipment listing 
I 

SOPS F301 and 
F303 

(viii) Order in which field measurements were made SOPS F101, F102, 
F104, F105, F201, 

and F402 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE 1-2 (Continued) 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Material to be included in the DCQAP, per Draft Corrective Action Permit 
Module III, Appendix A, Section V 

(ix) Decontamination procedures 

4. Sample Analysis 

The Sample Analysis section of the Data Collection Quality Assurance Plan 
shall specify the following: 

a. Chain- of- custody procedures, including 

(i) Identification of a responsible party to act as sample custodian 
at the laboratory facility authorized to sign for incoming field 
samples, obtain documents of shipment, and verify the data 
entered onto the sample custody records 

(ii) Provision for a laboratory sample custody log consisting of 
serially numbered standard lab-tracking report sheets 

(iii) Specification of laboratory sample custody procedures for 
sample handling, storage, and dispersement for analysis 

b. Sample storage procedures and storage times 

C. Sample preparation methods 

d. Analytical procedures, including 

(i) Scope and application of the procedure 

(ii) Sample matrix 

(iii) Potential interferences 

(iv) Precision and accuracy of the methodology 

(v) Method detection limits 

e. Calibration procedures and frequency 

f. Data reduction, validation and reporting 

g* Internal quality control checks, laboratory performance and systems 
audits and frequency, including 

(i) Method blank(s) 

(ii) Laboratory control sample(s) 

(iii) Calibration check sample(s) 

(iv) Replicate sample(s) 

Section of 
DCQAP that 
Covers This 

Material 

SOPS F50 1 and 
F502 

7.0 and SOP F302 

7.0 and SOP F302 

7.0 and SOP F302 

7.0 and SOP F301 

7.0 and SOP F301 

9.2 

9.2 - 

9.2 

9.2 

9.2 

11.2 and 11.3 

11.2 and 11.3 

11.2and 11.3 

11.2and 11.3 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE 1-2 (Continued) - 

CROSS-REFERENCE TABLE FOR PERMIT REQUIREMENTS AND 
DATA COLLECTION QUALITY ASSURANCE PLAN MATERIAL 

Material to be included in the DCQAP, per Draft Corrective Action Permit 
Module III, Appendix A, Section V 

(v) Matrix-spiked sample(s) 

(vi) “Blind” quality control sample(s) 

(vii) Control charts 

(viii) Surrogate samples 

(ix) Zero and span gases 

(x) Reagent quality control checks 

h. Preventive maintenance procedures and schedules 

Section of 
DCQAP that 
Covers This 

Material 

11.2and 11.3 

11.2and 11.3 

11.2 and 11.3 

11.2and 11.3 

11.2and 11.3 

11.2and 11.3 

13.0 and SOPS 
F202, F203, F204, 

and F208 

1. 

j. 

Corrective action (for laboratory problems) 11.3 

Turnaround time 4.2 

Note: SOPS referenced here appear in Appendix B of this document. 



TABLE 4-1 
EXAMPLE 

SEDIMENT DATA AND FREQUENCY SUMMARY RAW DATA 
ORGANK CHEMICALS 

~STIClDESfPCBS 

SAMPLE NO. 2RRSD10.06 2-RRSD10-612 2-RRSDI I-06 2-RRSDII-612 Z-RRSDl2-06 2RRSDl2~12 

UNITS UGIKG UGKG UGIKG UGiKG UGIKG UGKG 

ALPHA-BHC 2.5 UJ 2.4 UJ 1.9 UJ 1.9 UJ 21 UJ 21 UJ 

BETA-BHC 2.5 UJ 2.4 UJ 1.9 UJ 1.9 UJ 21 UJ 21 UJ 
DELTA-BHC 2.5 UJ 2.4 UJ 1.9 UJ 1.9 UJ 21 UJ 21 UJ 

OAMMA-BHC 2.5 UJ 2.4 UJ 1.9 UJ 1.9 UJ 21 UJ 21 UJ 

HEPTACHLOR 2.5 UJ 2.4 UJ 1.9 UJ 1.9 UJ 21 UJ 21 UJ 
ALDRIN 2.5 UJ 2.4 UJ 1.9 UJ 1.9 UJ 21 UJ 21 UJ 

HEPTACHLOR EPOXIDE 2.5 UJ 2.4 UJ 1.9 UJ 1.9 UJ 21 UJ 21 UJ 

ENDOSULFAN I 2.5 UJ 2.4 UJ 1.9 UJ 1.9 UJ 21 UJ 21 UJ 
DIELDRIN 4.8 UJ 4.6 UJ 7.5 J 12 J 41 UJ 41 UJ 

4,4’-DDE 51 J 10 J 83 78 176 I 190 J 
ENDRIN 4.8 UJ 4.6 UJ 3.7 UJ 3.7 UJ 41 UJ 41 UJ 

ENDOSLJLFAN II 4.8 UJ 4.6 UJ 3.7 UJ 3.1 UJ 41 UJ 41 UJ 

4&DDD 50 J 17 I 16 J 11 J 900 3606 J 

ENDOSULFAN SULFATE 4.8 UJ 4.6 UJ 3.7 UJ 3.7 UJ 41 UJ 41 UJ 

4.4’.DDT 35 1 6 J 120 98 740 4500 J 
h4E’l?IOXYCBLOR 25 UJ 24 UJ 19 UJ 19 UJ 210 UJ 210 UJ 

ENDRINKETONB 4.8 UJ 4.6 UJ 3.1 UJ 3.1 UJ 41 UJ 41 UJ i 

ENDRINALDEHYDE 4.8 UJ 4.6 UJ 3.7 UJ 3.1 UJ 41 UJ 41 UJ 
ALFNUHLORDANE 14 J 3.5 J 3.5 J 1.9 UJ 21 UJ 441 

GAMh4A-CHLORDANE 15 J 2.9 1 2.8 1 1.9 UJ 21 UJ 49 J 

TOXAPHENE 250 UJ 240 UJ 190 UJ 190 UJ 2100 UJ 2100 UJ 

AROCLOR-1016 48 UJ 4.6 UJ 37 UJ 37 UJ 410 UJ 410 UJ 
ARCCLOR-1221 9-l UJ 94 UJ 74 UJ 76 UJ 840 UJ 830 UJ 

,AROCLOR-1232 48 UJ 45 UJ 31 UJ 37 UJ 410 UJ 410 UJ 
AROCLOR-I 242 48 UJ 46 UJ 31 UJ 37 UJ 410 UJ 410 UJ 
AROCLOR-1248 48 UJ 46 UJ 37 UJ 37 UJ 410 UJ 410 us 

AROCLOR-1254 48 UJ 46 UJ 31 UJ 37 UJ 410 UJ 410 UJ 

AROCLOR-1260 48 UJ 46 UJ 37 UJ 31 UJ 410 Ul 410 UJ 

DRBIClDEQ 

SAMFLEID 2-RRSDlO-06 2-RRSDlO-612 2-RRSDl l-06 2RRSDlldl2 2-RRSD12-06 2RRSDlZdl2 

UGfKG UGKG UGKG UGIKG 

Sihrex 290 u 700 u 220 u 230 U 



.r 

TABLE 4-2 
EXAMPLE 

SURFACE WATER POSlTlVE DETECTlON SUMMARY 
ORGANIC CHEMICALS 

SAMPLE NO. 2-Cc-SW01 2-Oc!-SW03 2-RR-SW06 
UNITS UC/L UGL UCVL 

C?lLOROMElHANE 

I 

4 J 
7 J 

6 J 5 J 

BROMOIGKHANB 
VINYL CHLORIDE 

CHLOROETHANE 

METHYLENECHLORIDE 
ACETONE 
CARBON DISULFTDE 
1.1.DICHLOROETHENE 
1.1.DfCHLOROETHANE 

i.2.DICHLOROElHENE (total) 
CHLOROFORM 
I,2-DICHLOROETHANE 

ZBUTANONE 
l,I.I-lRICHLOROETHANE 
CARBONTETRACHLORIDE 
BROMODICHLOROMETHANE 
1.2-DICHLOROPROPANE 
CIS-1.3-DICHLOROPROPENE 

TRKHLOROETHENE 
DIBROMOCHLOROMElHANE 
1.1,2-TRICHLOROElHANE 
BENZENE 

TRANS.1.3.TRICHLOROPROPENE 
BROMOFORM 
4-METHYL..2-PENTANONE 
2-nExANoNE 

TETRACHLOROETHJZNE 
1.1.2.tTETRACHLOROElHANE 
TOLUENK 
CHLOROBENZENE 

ETHYLBENZNE 
STYRENE 



TABLE 43 
EXAMPLE 

SEDIMENT STATISTICAL .SUM,MARY 
TAL METALS AND CYANIDE 

MAXlMUh4 NORMAL 
DETECTED ARITHMETIC 

NORMAL 
STANDARD 

NORMAL 
UPPER 95 % 

CONFIDENCE 

LOG-NORMAL 
UPPER 95 % 

CONFIDENCE 
MGIRG MEAN DEVIATION INTERVAL INTERVAL 

AJJMrNuM 9780 4208.5 2636.2 5227.7 5735.9 
ANTIMONY 1.8 J 1.0 0.3 1.1 1.1 
ARSENIC 1.4 J 0.6 0.4 0.7 0.8 
BARIUM 114 18.7 24.4 28.2 29.3 
BERYLLIUM 0.86 B 0.2 0.2 0.3 0.3 
CADMIUM ND NA NA NA NA 
CALCIUM 247000 16554.6 54653.3 37684.5 63971.0 

CHROMlUM 10.3 J 5 3 6 6.9 
COBALT ND NA NA NA NA 
COPPER 6.6 J 2.4 1.9 3.1 4.0 
IRON 14900 2151.1 3096.8 3348.3 2935.3 
LEAD 51.4 J 11 11 16 16.1 
MAGNESIUM 2540 305.8 542.7 515.6 602.2 
MANGANESE 203 18 44 35 27.9 

MERCURY ND NA NA NA NA 

NICKEL ND NA NA NA NA 
POTASSJUM 440 J 144.9 114.8 189.3 237.2 
SELENIUM 2.1 J 0.30 0.50 0.60 0.47 

SJLVER ND NA NA NA NA 
SODIUM 171 l3 57.8 33.5 70.8 70.2 
THALLIUM 0.31 J 0.10 0.10 0.20 0.16 
VANADJUM 14 J 6.3 3.4 7.6 8.2 
ZINC 120 J 26.0 31.1 38.0 77.4 

CYANIDE NA NA NA NA NA 



TABLE4-4 
EXAMPLE 

SUBSURFACE SOIL POSITIVE DETECTION SUMMARY 
ORGANIC CHEMICALS 

SAMPLE NO. 2-LA-SBO2-0 1 2.LA-SBO4-02 2-LA-SBO6-02 2.LA-SBO7-0 1 2-LA-SBO8-02 2-LA-SBO9-02 

DEPTH 2 - 4’ 4 - 6’ 4 -6’ 2-4’ 4-6’ 4 - 6’ 
UNITS UGiKG UGIKG UGIKG UGIKG UG/KG UG/KG 

-IDES 

HfZPTACHLOR 

4,4’-DDE 
4,4’-DDD 
ENDOSULFAN SULFATE 

4,4’-DDT 
ALPHA-CHL0RDANE 

GAMMA-CHLORDANE 

9.4 4.7 -24 14 
4.2 J 4.9 J 9 

4.8 11 6.8 

2.9 J 

2.4 

METHYLENB CHLORlDE 

ACETONE 

2-BUTANONE 

4-MBm2-PENTANONE 

XYLENES (total) 

NAPHTHALENE 

2-Ml3HYLNAPHTHALENE 

ACBNAPHTHENE 
FLUORENE 

N-NlTROSODlPHENYLAMlNE 

PHENANTHRENE 

ANTHRACENE 

DI-N-BUTYL PHTHAL.ATB 

FLtJoRANTHENE 
PYRENB 

BI!3(2-ETIIYLHEXYL)PHWAL.ATE 

10 J 28 

12 J 

SJ 

_ 140 J 

Notes.: 
UGKG - microgram per kilogram 
J -value : ‘hated 

1 

200 J 

i 



TABLE 4-S 
EXAMPLE 

SURFACE WATER DATA AND FREQUENCY SUMMARY 
ORGANIC CHEMICALS 

VOLAU 

LOCATION OF FREQUENCY 

NONDETECTED NONDETECTED DETECTED DETECTED OF 

UG/L UGR. UG5 UG/L DETECTED DETECTION 

CHLOROMETHANE 10 u 10 u ND ND .m 013 

BROMOMETHANE 

VINYL CHLORIDE 

CHLOROE’IHANE 

METHYLENE CHLORIDE 

ACETONE 

CARBON DISULFIDE 

1.1.DICHLOROETHENE 

l,l-DICHLOROETHANE 

1,2-DICHLOROETHENE (total) 

CHLOROFORM 

15.DICHLOROETHANE 

ZBUTANONE 

l,l,l-TRKHLOROETHANE 
CARBON’TETRACHLORIDE 

BROMODICHLOROMETHANB 

1.2.DICHLOROPROPANE 

CIS-1,3-DICHLOROPROPENE 

TRKHL.OROElHENE 

DIBROMOCHLOROMBTHANE 
1,1,2-TRICHLOROETHANE 

BENZENE 

TRANS- 1,3-TRKHLOROPROPENE 

BROMOFORM 
4-METHYL-2-PEmANONE 

2-HEXANONE 

TETRACHLOROETHENE 

1,1,2,2-TETRACHLOROETHANE 

TOLUENE 

CKLORGBE?-ZEivZ 

ETHYLBENZENE 

SNRENE 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

IO u 

10 u 
10 u 

10 u 

10 u 

10 u 

10 u 

10 u 
10 u 

10 u 

10 u 
10 u 

10 u 
10 u 

10 u 

10 u 

!O u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

1ou 

IOU 

10 u 

IO u 

10 u 

10 0 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 
10 u 

10 u 

10 u 
10 u 

10 tJ 

10 u 

10 u 

10 u 

10 u 
10 u 

10 u 

10 u 

!O u 

10 u 

10 u 

ND 

ND 

ND 

ND 

4J 

7J 

ND 

ND 

ND 

SJ 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

4J 

7J 

ND 

ND 

ND 

6J 

ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
2.RR-SW06 

2-OC-SW01 

N-D 
ND 

ND 

2-OGswo 1 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0 13 

0 13 

0 13 

013 

113 

113 
0 13 

Of3 

0 I3 

213 

013 
0 I3 

o/3 

013 

013 

013 

013 

0 13 
013 

013 

013 

0 I3 

013 

0 I3 

0 I3 

0 I3 

0 13 

0 13 

Of3 

0 I3 

0 I3 

f 

XYLENES (total) 10 u 10 u ND ND ND 0 I3 
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